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This paper was suggested because mothers as well 
as scientific investigators frequently inquire “What js 
the normal age for speech acquirement and what cir¬ 
cumstances determine tlie early acquisition or retarda¬ 
tion of speech^” In order to reply to these questions 
we asked ourselves “What is the relahonsliip of the 
onset of speech to intelligence^” Inadentally we were 
interested in the development of this function m cor¬ 
relation with other static developments of infancy 

Our data were procured from the case records on 
file at the Institute for Juvenile Research in Qiicago 
These records are the carefully prepared case studies 
of children referred to the institute for examination 
We are greatly indebted to members of the staff for 
their painstaking labor in collecting from tliese records 
the matenal for this paper 

In consulting a voluminous literature on speech 
acquisition, it was found that opinions differ as to the 
age at which this function occurs 

Before proceeding m our discussion, we must attempt 
to decide what constitutes speech function Does it 
consist in the use of words, syllables or sentences^ 
Stem ^ maintains that the child approaches speech along 
three paths namely, (1) the actne expression of 
childish babble, (2) unintelligent imitation, and 
(3) understanding what is said to it As soon as these 
three actions ongimlh independent of each other, work 
together, real speech has begun In the statistical data 
on w’hich this paper is based, the mother was asked 
at what age the child leanied to talk Naturally her 
answer rested on the obsenation that speech began 
when he could use words mtelligenth and could under¬ 
stand what was spoken to him Stem divides speech 
deaelopment in children into seieral stages 


The Preliminary Stage (first year) Imitation of sound 
^ understanding of requests made to the child 

progres^nod (from 1 \ear to !>/ sears) The child ha 
'vU mm few sounds with special meaning which must b 
/j Vi^utenccs of one word Tlicrc is as \et no under 

First r'? grammar or ideas and their significance 
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words still are nearer to babble, expressed m the form of 
natural symbols 

Second Period (from 1)4 years to 2 years) The child 
realizes the object of speech He has learned that cterythmg 
has a name and he wishes to master it At this time the 
locabulary begins to increase, he begins to inquire as to the 
names of thmgs He also, at this time, combines several 
words m the form of short sentences Vocabulary contents 
are increased first by nouns and then by a large addition of 
\erbs 

Third Period (from 2 years to 2)4 years) The child 
learns to express the finer shades of ideas, and modification of 
words, at about the same time different forms of inflection 
(conjugation, declension, comparison) begin to develop Series 
of sentences are formed (exclamations, statements, descriptions 
questions) 

Fourth Penod (After 2j4 years) The child learns to 
express thoughts of varying order (principal and subordinate) 
The child asks questions as to the cause of thmgs 

Speech acquirement represents one of the most 
important functions m human development The mode 
and period of its acquisition present problems of the 
greatest interest to tlie psychologist as well as to the 
phy'siaan Stem remarks that it is to speech alone 
that man ow’es the pow'er of all real thought, generali¬ 
zation, judgment, decision, combination, he marvels at 
the ease and speed of learning to speak 

Compare the effort [he says,] which is expended at school 
in learning a second language (which is not really mastered 
even after many years of practice), with, on the other hand 
tlie speech of his environment, which seems to flash upon the 
2 or 3 year old child without studying any vocabulary or 
grammar 1 Month after month he makes the most astounding 
progress and when lie is 4 or 5 years of age, without effort 
he can make himself understood on every point that comes 
within his range of mterest ’ 

The case records of 1,000 white children examined 
at the Institute for Juvenile Research were read and 
the follownng data collected for statistical analysis 
age of onset of talking, of walking, of bladder control, 
clironological age, mental age, intelligence quotient, sex, 
ordinal position among siblings, race nationality of 
cluld and of father and mother, and premature birth 
These thousand cases constitute a somewhat selected 
group as they are studies of children referred to the 
clinic for behavior difficulties, as educational problems, 
for habit training or for advice as to institutional and 
other placement 

Of these records taken from a larger group of cases, 
500 were boys and 500 were girls Those records were 
selected in which the data mentioned were noted, the 
age of onset of talking being given specifically in terms 
ot months, and in which the children were of the white 
race When the answer to the question “Age of talk- 
ing^ was indefinite, i e, “about a year,” “around 
eighteen months ” “at the usual age," that record was 
excluded from this study 
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Not included in the statistical analysis of the 1,000 
case records because of their marked divergence from 
the mam group were twenty-one children in whom 
the onset of talking occurred later than sixU months 
All of these children had an intelligence quotient below 
70 In addition to eleven with gross mental deficiency, 
there ii ere sci eral in whom deJaj ed speecn was attnb- 
uted to anatomic defects such as cleft palate, deafness 
or tumor of rhe tongue 

The mental age was acquired by individual psy¬ 
chologic examination on the Staiiford-Binet test of 
general intelligence The intelligence quotient (IQ) 
is the relation of mental age to chronological age 


Table 1 — Distribution According to National Origin 
for Both Seres 


Isntlonal Origin 

Boys 

Girls 

Porents Amcrfcnn born 

151 

13C 

ParentB Fortlgn bom 

180 

141 

JCTVfSll 

110 

i7o 

UnJkDOTTD 

60 

48 

Total 

BOO 

600 


The other items were secured from the family and 
developmental histones of the children Although the 
reliabilit} of this information is usually dependent on 
the meinor)' of the relative interviewed, it is fair to 
assume that the errors in estimation of specific ages 
neutralize one another in such a large senes 

The chronological age range for hoys extends from 
44 months to 23^ years, and for girls from 25 months 
to 19^/2 years 

The language spoken in the home determined the 
nationality grouping, but in most instances children 
coming from homes in which a foreign language was 
spoken were confronted with a bilingual problem 
Hence it was decided to group together those whose 
parents ivere foreign-born As the Jew'ish children 
comprised more than one fourth of the total group 
and since they constituted a more homogeneous cultural 
group they were classified separately 

In addition, scattered instances of birthplace of 
parents were given as Greece, Hungary, Austria, 
Russia, Jugoslavia, Holland, Syria, Roumania and 
Serbia 

The range in intelligence quotient extends from 10 
to 159 for both sexes The average intelligence quo¬ 
tient (mean) is 80 for the boys and 82 for the girls, 
the difference is negligible This rating places the 
average intelligence for the group at the dull and back¬ 
ward level which is just below the normal This may 
be the result, in part, of the inclusion of cases referred 
to the clinic for advice as to placement m institutions 
for the feebleminded 

The criterion for the acquisition of speech was the 
consaous association of a word with the object In 
other words the onset of talking occurs at that age 
at which the child “ utters a sound with full 

consciousness of its meaning and for the purpose of 
communication ” ’■ 

The time for this beginning of speech occurs shortly after 
the end of the first year yet indwidual variations are rery 
marked There are children of 9 months who can already 
make intelligent use of one word or of sex eral yet there is 
no cause for anxiety when a child of 18 months still uses 
nothing but signs It is frequently stated that girls begin 
to speak somewhat earlier than boys and also that they advance 
more rapidly in physiological development It is also said 
that speech development begins considerably later and proceeds 


more slowly in working class children than in those of 
cultured circles The child's power of speech, however, after 
It has once begun, does not ha\e a constant increase from day 
to day It seems that the general law of rhythm in growth 
IS never so clearly demonstrated as in the progress of speech 
Periods of stagnation sometimes a source of anxiety to 
parents, are suddenlv replaced by periods of rapid progress, to 
be follow ed in turn by another phase of slow progress 
Very often this stagnation appears immediately after the 
first beginning of speech The child has, at a comparatively 
early age gained the intelligent use of one or several words 
Then months pass without further success, indeed sometimes 
what he has already acquired is lost again Thus for six months 
Preyer’s son had as his sole vocabulary “atta” (away) and 
‘ ta” (thank vou) while for two and a half months our own 
son’s only w ord was "da ’’ ’ 

Osnato ■ states that the environmental influence sur¬ 
rounding the child, particularly the amount of care 
which It receives from parents and relatives, will deter¬ 
mine the character of speech development He also 
thinks that speech understanding may be far in advance 
of actual speech, for there exists m all children a penod 
when a great deal that is said is understood, but only 
a small proportion of this can be uttered by the child 
The same author believes it a fairly well established 
fact that there are no sharp lines of demarcation 
between the various stages of speech development 
Villiger believes that the development of speech and 
intelligence do not have anything to do with each other 
Indeed, there are many psychologists who hold this 
view Osnato refutes Vilhger’s contention and believes 
that this statement is not logical and is therefore not 
true He maintains that the development of speech 
and intelligence go hand in hand and are interdependent 
to such an extent that tliev may be, to all intents and 
purposes, regarded as the same process 

Osiiato’s view in regard to the correlation of speech 
and intelligence is in agreement with our own observa¬ 
tions We believe that speech acquirement occurs in 
a direct proportion to the degree of mental develop¬ 
ment We are not unmindful of the fact that vanation 
may occur and that occasionally a bright child may show 
a tardy development of speech Everj physician of 
experience could enumerate instances in his practice in 


Table 2— Birthplace Frequencies of Foreign Born Parents 
Arranged According to the Sci of Their O0spring 


Country 

Boys 

Girls 

Poland 

3.) 

S3 

Italy 

8) 

SO 

O«0ChOPlOTUklQ 

Comionj 

32 

IJ 

11 

bcandlDQvia 



Lithuania 

7 

B 


which a child caused a great deal of anxiety to his 
parents through delajed speech, though he seemed 
bright and mentally active in other respects This, 
of course, does not refer to mentally retarded or deaf 
children We have encountered instances ourselves in 
which children learn to talk or make sentences as late 
as the third or fourth year, who, nevertheless, ulti¬ 
mately prove to be mentally sound and make od 
progress m their studies WT recall the case of 
whom we treated many vears ago who did^ 
until she reached her sixth year She sub 
acquired fluent speech, became a good pupil, 
and went through high school and college 
siderable credit 

2 Osvuto M Aphasia and Associated Speec'' 
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We have a letter from a mother who gives the 
story of speech acquirement of her 13 year old child 
At a year and a half he could sav “mamma” and 
“da-da” and a few other words He walked at 23 
months His family called him “dummy” at 2 jears 
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Chart 1 —Relationship between age of talking and intelligence quotient. 


of age because Iiis ^ocabulary was limited to only a 
few words At 3 he started to make simple one or 
two word sentences and by the fourth year he had not 
made anv appreciable progress After a severe illness 
wth influenzal pneumonia in his fourth year, he began 
to impro\e and display average intelligence By the 
sixth year he read very well, added, subtracted, mul¬ 
tiplied and divided any number up to ten He made 
his first two grades of school in one school year but 
he did not make very favorable progress m the third 
grade, from the fourth to the eighth grade he was 
either first or second in his class He made averages 
of from 92 to 100 and graduated from grammar school 
at 12 a ears and 2 months He was the youngest child, 
had the highest average and was president of his class 
Today, at 13 jears and 3 months, he is on the honor 
roll in high school, is a fair pianist and excels in the 
study of foreign languages 

There is no doubt that there are exceptional cases 
children who, later m childhood, show considerable 
intelligence but ha\e learned late to express themselves 
b\ language Such cases present numerous factors to 
be considered Nutritional disturbances, somatic dis¬ 
eases and, as has already been pointed out, unfavorable 
environment may in some instances influence delayed 
speech production 

Trcitcl * sais that the urge to speak is dependent on 
a definite stage of mental deielopment Should this 
progress slowly, speech will appear slowly He thinks 
that mental progress is sometimes slow in rachitic 
children Kurt Huldschinsky * believes that the ability 
to talk IS inhibited in rachitic children He maintains 
that the delayed speech function goes hand in hand 
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With the delayed static funchons He expresses the 
view that rachitis has some obscure influence on those 
mental processes w'hich manifest themselves m a state 
of negativism, this occurs most markedly m the second 
year of life These children, for apparently no good 
reason, resist every approach, object to the most tncial 
examination, refuse to offer the hand, and often will 
not utter a sound or a word For the same reason they 
might refuse to partake of food We are not willing 
to accept these peculiarities m behavior as rachihc man¬ 
ifestations for perhaps they are due to more complicated 
psychic disturbances wdneh cannot be satisfactorily 
explained here 

It may be assumed that occasionally there is delaved 
development of the speech center and association tracts 
though of course, this would be difficult to prove It 
has also been stated that m some cases delayed speech 
IS due to physiologic laziness or perhaps to absence of 
the “sprach-lust ” Others have said that some children 
are normally bright though they fail to concentrate or 
are too much absorbed by play and are bored by 
attempts to talk These are merely assumptions which 
are not founded on proved facts 

The range m the age of onset of talking extends 
from 6 to 60 months for both boys and girls The 
average (mean) age of talking for the boy's is 19 
months and for the girls is 18 months The earlier 
age at which girls learn to talk bears out the observa¬ 
tions ot Mead,® Smith ® Stern' and Nadoleczny ’’ 

When the relation between the age of speech onset 
and the intelligence quotient is determined, coefficients 
of correlation (Pearson product moment formula) 
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Chart 2—Relationship betwetm mean intelligence quotient and age of 


result in — 41 ± 0 03 for the bovs and — 39 ± 003 for 
the girls In view of the low probable error, the cor- 


ol llaikrac and TalkioK m Relation to 
Pedagog Seminary i J Genet. p8>chol 20 460- 

6 Smith Mndoreb E. An Investigation of the Development of the 
r Extent of Vocabulary m 3 oung Children Lnueriitr 

of Studies m Child Welfare 3 192 numbers 1926 

/ Aadolecxnjr M Die Sprach und SUmmstoningen im Kindetaltcr 
F og"? ^landbuch der KmdcrLrankhcitcn Uipiig 




xxj*j~r 


—ABl ET AL 


Jou» A M A. 
Nov 2 1929 


t 

(• 


relations are quite reliable and may be interpreted to 
mean that there is a definite relationship between these 
two factors 

Chart 1 expresses this relationship graphically and 
shows that the higher the intelligence quotient (that 
IS, the more intelligent the child) the earner it learns 
to talk The drop in the curve is steep, as the intelli¬ 
gence quotient increases, the age in months at which 
a child first talks decreases The few scattered cases 
at each end of the curve bear out the general trend 


Table 3 — ‘inalysis o{ Data 4ccordtiig to National 
Composition 


Coeffldent of corixla 
tion bptecli ODpet 

rT 

2\on-JcwIsli 

_ K _ 

American 

Horn Torclgn Bom 

—a-t-OCo —IP4-0W 

Jeirish 

—17-+-0 Cj 

into Ifccnce quotient 

9 

-3-4-0 05 

—S9-+-0 0O 

—43-Kl W 

A\».rnge nge of ?recch 

rf 

]0 months 

20 montlis 

le months 

onset 

V 

IP montlis 

20 months 

10 month* 

Range In nge of speech 

rt 

6-00 months 

0-00 months 

7-48 months 

onset 

V 

C-CO months 

0-00 months 

0-00 months 

A V c r n c e Intelligence 


n 

73 

89 

quotient 

y 

fO 

70 

90 

■Number of cases 

cf 

lol 

ISD 

110 


9 

130 

111 

176 


• In this column cT stands lor mule 9 lemnle 


Chart 2 shows the more significant ages at which the 
onset of speech occurs It includes those children who 
learned to talk at 12, 18, 24, 36 and 48 months It 
presents the average (mean) intelligence quotient for 
each one of these age groups As in the previous 
chart, It may be seen that those children who learn to 
talk earlier are brighter 

In view of the national composition of the group, 
it was decided to analyze the data on that basis The 
results are presented in table 3 

The coefficients of correlation between age of speech 
onset and the intelligence quotient are uniformly high 
for all three groups and indicate a close relationship 
between these factors 

The average age of speech onset is lowest in the 
fewish group and highest in the group with both parents 
foreign bom That is, the former tend to talk at an 
earlier age while the latter leam to talk later than those 
of the third group—the children whose parents are born 
in the United States The range in age of speech onset 
IS about the same for all groups 

The average intelligence quotient is highest for the 
lewnsh group and lowest for that whose parents are 
foreign bom Many of the Jewish children referred 
for study come through one of the scholarship agencies 
which IS primarily interested in selecting the brighter 
children for the advantages of a higher education The 
lower average intelligence quotients of the children of 
the foreign-bom parents are partially the result of the 
language factor in the Stanford-Binet test Vocabularj 
and language usage play an important part in this test 
and children who come from a home in which a foreign 
language is spoken are under a handicap 

Onset of walking marks another important stage of 
development of the static functions Since onset of 
walking and talking are frequenth associated, a brief 
studv of the former is here included Analysis of the 
thousand cases shows that the average age of onset of 
walking for both sexes is 16 months The range is 7 
to 51 months for bojs and 7 to 60 months for girls 
When the age of onset of walking is correlated with 
the intelligence quotient, the correlation (the Pearson 


product moment formula) for boys is — 36 ± 0 03 and 
for girls IS — 37 zh 0 03 This shows that there is a 
definite relationship between the age of onset of walking 
and general intelligence The average age of onset of 
walking IS several months earlier than that of talkang 
This corroborates the observations of Mead 

Chart 3 graphically presents the significant relation¬ 
ship between age of onset of w^alking and general intel¬ 
ligence The more intelligent children leam to walk 
earlier The slope of the curve has the same general 
trend as that showing the relationship between age ot 
speech onset and intelligence quotient The curve con¬ 
sistent!) falls several months below that for the onset 
of talking, this means that children of the same general 
level of intelligence leam to walk earlier than the) leam 
to talk 

As certain theories have been advanced as to the 
influence of older siblings on the age at which children 
learn to talk, this point also vv'as investigated i\Ian) 
believe that if a child has older brothers and sisters he 
will leam to talk earlier The bo)s and girls of this 
group range from an onl) child to one of thirteen 
siblings The average position in the famil) for the 
thousand cases is 28 In tins study there was found 
absolutely no relationship between the ordinal position 
of a child among his siblings and the acquisition of 
speech The coefficient of correlation is 0 03 d: 0 03 
for boys and 0 00 zt 0 03 for girls 

Out of 158 children who had enuresis at the age of 
3 years or above the average age of learning to talk is 
a little more than 21 months Of the seventy children 
who, according to the case record, established dry habits 
prior to the third birthday, the av erage age of learning 
to talk is only 17 months This is an av'erage difference 
of more than four months and is statistically significant 
in that this difference is about 4 7 times the size of its 
probable error According to the tables of the prob¬ 
ability integral, the chances that a difference of this 



Chart 3 —Relationship between anc of walking and intelligence quotient 

magnitude could have arisen purely from random sam¬ 
pling of material which is actually uncorrelated is onlv 
once in about 625 tnals and is obviousl) a small 
probabilit) 

While the distinction between children suffering 
from enuresis and those not troubled with this condition 
IS made here on the basis of three )ears, we found that 
if we had taken five )ears as the dividing line the 
difference would remain about the same 
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We might add as a point of interest that in studying 
a small group of prematurely born duldren we found 
that the average age of speech onset was not appreaably 
different from that of the mam group (the formula for 
comparison of two means by Student ) ^Ve found 
here, too, that the age of speech acquisition vanes in 
mdirect ratio to general intelligence 

SUMMARY AND CONCLUSIONS 

1 The case records of 1,000 white children who were 
referred to the Institute for Juvenile Research for 
examination were studied with a view to determining 
the relabonship between the onset of speech and gen¬ 
eral intelligence 

2 The group studied was composed of 500 bojs 
ranging in age from 3 }ears 8 months to 23 years 7 
months at the time of examination, and of 500 girls 
betiveen 2 years 1 month and 19 3 ears 5 months 

3 More than one fourth of these children had parents 
who were bom in America, more than one fourth were 
Jewish, and about one third had foreign-born parents 
Fifteen European countnes were represented among the 
birth places listed 

4 On the Stanford-Binet test for general intelli¬ 
gence the intelligence quotients ranged from 10 to 
159 The aierage intelligence quotient for boys was 
80 and for girls was 82 The average intelligence rating 
of the group was slightly below nomial 

5 The aierage age of speech onset was 19 months 
for boys and 18 months for girls When age of speech 
onset was correlated with the intelligence quotient, 
the coefficients were — 41 ± 0 03 for boys and 
— 39 d: 0 03 for girls There is a definite relationship 
between these two factors 

6 The aierage age of onset of walking was 16 
months for both sexes The coeffiaent of correlation 
between age of onset of walking and intelligence quo¬ 
tient ivas — 36 d: 0 03 for boys and — 37 d; 0 03 for 
girls The relationship between these tivo factors was 
significant 

7 The ordinal position of the children among siblings 
did not have any relationship with the age of onset 
of speech 

8 Children who are enuretic at the age of 3 years 
or aboi e learn to talk later than those who have estab¬ 
lished drv habits prior to that time The a\ erage differ¬ 
ence in the age of speech onset is more tlian four 
months 

9 Tlie observations m a similar study made on thir¬ 
teen children prematurely bom were not appreaably 
different The age of speech onset lanes m indirect 
ratio to general intelligence. 
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ABSTRACT OF DISCUSSION 
Dr H L Moon, Seattle The authors ha\e taken us oxer 
into the realm of child ps>chology along with our medical work 
Ill the examination of these thousand children. The earliest 
localintion in clnldren is inarticulate speech with more or less 
random moieinents and gestures, in ivhat tliej called the babble 
with nmntclligcnt imilation Next is a recognition of words 
Iieforc utterance Uien speech progresses from babble and cries 
to words at the age of IR 3 cars, and from words to sentences 
hx the third xear Words arc spoken in the fifth >car without 
habx talk A language is acquired b\ imitations The child 
has articulate language from about the second to the sexenth 
xear and that is the age of perception and retentixc memorj in 
the infant Earlier the child distinguishes betxxecn sound and 
speech There is a certain xibration pattern that is, the child 
recognizes the parent s x oicc, and then the x oices of members of 


the familj As to speecli itself, it is said that speech coordinates 
the actixaty of men The fundamental idea of speech is to gain 
some desire or to satisfy some emotional requirement, and as a 
source of pleasure to the speaker In the evolution of speech, 
axe can trace it doxvn from our arboreal ancestors xvho used 
certain guttural sounds or certain speech in the tribe or group 
m order to direct the chase to get meat for the tnbe, or as a 
xvarning to get out of the xxaj in case of danger In the infant, 
certain sounds Seem to give a sense of power as far as speech 
IS concerned The repetition ot these sounds brings certain 
desired results, and further experimentation with sounds leads 
to speech through imitation This tape of child dexelops speech 
rapidlj in comparison to the shy nervous child, or the neglected 
child xvho IS put off to one side, and possiblj does not have 
occasion to hear a language as it should be spoken or does not 
pick up or have a chance or the abiht> to pick up, as does the 
child xvho has good parents to imitate and can handle speech 
as he collects it very rapidlx Helzer and Rundorff show a 
difference between the professional class and the worker s child, 
as the authors have brought out In their instmctixe utterance 
thej are about the same, that is, both groups respond at tlie 
same age to hunger and pain The professional class seems to 
be ahead of the working class, in vocabularj, anjuxhere from 
nine to txvehe months, and in sentence usage, m inflection or in 
parts of speech up to fourteen months Alphabetical sounds 
are not the only expression. Each infant has a different tj-pe of 
erv The crooning of mother and child is not true speech but 
the sounds seem to be a source of pleasure and gratification 
From the crooning the child goes on to xvhat might be called 
a form of autopoetic tj-pe of speech Instead of naming animals 
the child wnll say "baa-baa’ for sheep, or 'moo moo" for cow 
After that the child approaches what I should call a "whazzat’ 
age In other words, he wants to know the names His speech 
IS not good as >et, but everything he points to is “whazzat” 
Dr I Leox Meiers, Los Angeles It is generally agreed 
that the various phases in the evolution of a function are dupli¬ 
cated in the dissolution of the function In in> work in clinical 
neurologj I deal more xxith the disintegration of speech as this 
manifests itself in aphasia than w-ith the acquisition of speech 
in childhood. And I should state without hesitation that mx 
cxpenence fullx substantiates the conclusions of Drs Abt and 
Adler in their studj of the latter condition Aphasia, as is 
well known, lias been for a long time dixnded into the motor 
type and the sensory' tvpe, and it was thought that the motor 
type frequently coexists with normal mentality This was denied 
bv Mane, xvho maintains that aphasia invariably implies a loss 
or an impairment of mentality This view is undoubtedlv 
correct, and xve are warranted m concluding that a delay m the 
acquisition of speech in childhood means a delay in the acquisiDon 
of intelligence. There is, it is true, a form of speech loss known 
as anarthna m which the patient cannot articulate, although 
his mentality is normal The condition is brought about by an 
impairment of function of the pyramidal tracts In the case of 
a child such a condition may be the result of a delay in the 
maturaDon of these tracts The child affected by such a patho 
logic process may even be able to use his tongue and palate for 
such coarse movements as sticking out the tongue and swallow¬ 
ing He is unable, however, to use these muscles for the finer 
movements of articulation This is undoubtedly the condition 
m the few isolated instances m which the child is unable to 
speak although possessed of fair intelligence but the fact that 
the pyramidal tracts are delaxed m development generallx indi¬ 
cates that there 15 something wrong with the child s mentality 


Mental Test Movement Wanes—The mental test move¬ 
ment which made its bid for the solution of all mental problems 
by a cheap and simple method short-circuiting the laborious 
laboratorx method has suffered notable changes The points 
which XXere clear to all of the laboratory men fifteen xears ago 
arc now painfully apparent to those serious psy chologists ivbo 
were for the time dazzled and the others are hastily preparing 
alibis and seeking cover The astonishing doctrine that intel¬ 
ligence tests measure mental capacities directly once broadcasted 
from centers of authority is now heard only in the echoes from 
the more remote places and mental testers are beginning to 
understand that only acquisitions are measured—Dunlap 
Knight The Outlook for Psxchologx Science Feb 22, 1929* 
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CANCER OF THE LOWER END OF 
THE ESOPHAGUS AND CARDIAC 
END OF THE STOMACH * 

P M HICKEY, MD 

ANN ARBOR, MICH 

In a former paper I called attention to the fact that 
cancer of the esophagus is a subject to which the med¬ 
ical profession cannot point with pnde, as the diagnosis 
IS usually made very late in the history of the case and 
the diagnosis all too frequently is the profession’s only 
contribution m its clinical course 

Cancer of the upper esophagus does not lend itself 
to early diagnosis by means of the \-rays for the 
obvious reason that it is difficult to fill the lumen of 
the upper esophagus with the contrast meal Fortu¬ 
nately the lower and middle thirds of the esophagus, 
where distention with the contrast meal is more easily 
produced, are more favorable sites for accurate exami¬ 
nations The direct demonstration of the cancer with¬ 
out a barium filling is of little value and will not be 
considered It is best to study by a contrast meal any 
encroachments bv new growths on the lumen of the 
lower esophagus If the usual fluid suspension of the 
barium mixture is employed, it will be found that 
the passage of this thin mixture through the esophagus 
may take place so rapidly that doubt may remain as to 
whether even moderate sized new growths may be 
detected A thick mixture of mucilage of acacia with 
barium wll follow down through the esophagus much 
more slowl> and may thus bring into relief a moderate 
sized cancer However, the difficulties of the oblique 
positions and their confusing mediastinal shadows all 
detract from the desired accuracy 

The method devised by Dr William H Stewart of 
using a sausage casing as a container for the banum 
is ingenious and satisfactor\, though it frequently pro¬ 
duces nausea and vomiting The nght oblique prone 
position of Manges permits of a better distention of 
the esophagus with a longer delay before the opaque 
mixture passes on into the stomach, giving the roent¬ 
genologist more time to stud) the contour of the 
esophagus and any encroachment on its lumen 

These methods have proved satisfactory for the 
detection and the demonstration of advanced lesions 
In 1925, Dr Chevalier Jackson * accentuated the 
importance of a diagnosis earlier than is usually made 
He graphically emphasized the uselessness of paying 
attention to s)niptoms which are characteristic only of 
the far advanced neoplasm Pronounced diffiailty in 
swallowing with marked loss of weight are symptoms 
which should not be waited for before one resorts to 
roentgen examination and esophagoscopy We would 
not get far in the treatment of cancer of the hp or in 
the treatment of cancer of the breast if we waited for 
ulceration and loss of weight If physicians are to 
accomplish anything in the treatment of cancer of the 
esophagus, the diagnosis must be made before pro¬ 
nounced constitutional s)Tnptoms have dei eloped 

For the detection of early lesions of the middle and 
lower esophagus I have found the use of the hard 
gelatin capsule filled with banum, the elastic gelatin 
capsule and the banum gelatin bougies of value By 
giwng the patient gelatin capsules, beginning with the 

* From the University of Michienn Medical School 

* Head before the joint racctme of the Section on Gastro-Entcrology 
and Proctology and the Section on Radiology at the Eightieth Annual 
Session of the American Medical Associalion, Portland Ore. July 11 1929 

1 Jackson Chevalier Carcinoma and Sarcoma of the Esophagus \ 
Plea for Early Diagnosis Am J M Sc. 169 625 (May) 1925 


smaller sizes and increasing the diameter until obstruc¬ 
tion IS met, an accurate idea can be obtained of the 
site of the obstrucbon The hard gelatin csipsule does 
not conform to the irregulant}' of the esophagus and 
IS therefore of lessened value It presents, further, 
the grave objection that if it becomes lodged in the 
esophagus it may remain for a number of hours with 
considerable discomfort to tbe patient The elastic 
capsule of softer gelatin filled Mith banum paste pre¬ 
sents advantages over the hard capsule but is diffiailt 
to obtain Therefore I call attention to a method which 
I have employed for several years with considerable 
satisfaction The prmaple of the method is the use 
of soft gelatin bougies containing banum These 
bougies are easily prepared and the technic of their 
preparation is as follows 

Ordinary cooking gelatin is allowed to soak in cold 
water until it swells fully, after which it is rendered 
fluid by heating over a water bath When the gelatin 
has become thoroughly liquefied, banum paste made b\ 
thoroughly mixing banum with a small amount of 
water is added and thoroughly stirred The mixture 
of the liquefied gelatin and banum is tlien poured into 
a cup and allowed to cool After tbe barium gelatin 
is thoroughly jellied, it is removed from the cup and 
with brass cork borers of varying diameter plugs are 
cut out of the gelatin These plugs usually are from 
3 to 4 cm long and from 8 to 16 mm m diameter 

The patient is then studied Avith the fluoroscope as 
he swallows with the aid of water these gelatin bougies 
If one becomes lodged, the heat of the body wll cause 
It to soften after two to three minutes and the barium 
gelatin will pass down into the stomach If there is 
a tendency for the barium gelatin plug to stick, it can 
be at once softened and dislodged ivith a dnnk of warm 
water These banum gelatin bougies are easilv swal¬ 
lowed by the patient and even slight projections into 
the lumen of the esophagus can be easilv detected It 
IS of equal importance that a negative diagnosis can 
be made if the larger sizes are easily swallowed and 
pass uninterrnptedh through the esophagus Preiious 
to their employment I always felt diffident in making 
a negative diagnosis for cancer 

I submit this method as a contribution to the early 
diagnosis of cancer of the lower esophagus If the 
gelatin plug sticks at any point, the size and contour 
of the esophagus above the point of constnction can 
be studied for a moment or so by giving the patient a 
thin mixture of banum This thin mixture will fill the 
esophagus above the plug and even slight chlatation can 
be studied m this way As a further refinement in 
their use, a piece of stnng can be threaded through the 
plug To this stnng, which is prevented from pulling 
out by a knot in the stnng with a small washer of thin 
wax paper, a small silk thread is attached When the 
patient swallows this bougie, the plug may be observed 
in its passage down and may by tension on the thread be 
raised up to points where further study is desired This 
procedure is a complement of esophagoscopy I feel 
that the necessit) for esophagoscopy will not arise if 
the patient can comfortably swallow the larger sized 
bougies, say up to 14 mm in diameter If, however, 
the patient shows a tendency to even slight obstruction 
made evident by fluoroscopic observation of the gelatin 
bougies, esophagoscopy can then be a supplementaiy 
method of diagnosis I feel quite convinced that this 
method of the gelatin bougie presents advantages m 
assisting in the establishment or refutation of the diag¬ 
nosis of an early cancer of the esophagus 
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In the fluoroscopic examination of the esophagus, 
the nght oblique or the left oblique posihon will visual¬ 
ize the lower esophagus without the obtrusive shadows 
of the spine and heart The left oblique position, with 
the patient examined during full inspiration gives a 
clearer view of the lower esophagus than any of the 
other projections Another method which I have 
found to be of advantage is the examination of the 
patient hing on his left side with the tube placed pos¬ 
terior and the fluoroscopic screen against the antenor 
lower chest wall For this a narrow table is employed 
and placed against the front of the vertical fluoroscope 
The patient lies on his left side and is allowed to swal¬ 
low the opaque meal through a feeding spoon during 
fluoroscopic observation In this position the outline of 
the loner portion of the esophagus can be thoroughly 
studied and the relation of the esophagus to the stomach 
well brought out 

The fluoroscopic appearance of cancer of the lower 
esophagus shows usually an irregulanty of the lumen 
This irregularity may be covered up, however, by an 
attendant spasm producing a dilatation which may par¬ 
tially hide this defect The irregulanty may be evident 
by an encroacliment on the lumen or by a deviation 
from the usual course In examining patients dunng 
suspended respiration in full inspiration, one should 
remember that there is always a physiologic break in 
the course of the passage of the banum This appear¬ 
ance IS physiologic and is caused by the pressure of the 
diaphragam in most patients and should not be con¬ 
founded with evidence of a pathologic condition The 
immediate test, of course, is to allow the patient to 
breathe and with the relaxation of the diaphragm as 
expiration begins, the course of the banum is at once 
resumed 

Roentgen signs of esophageal cancer at the cardia 
are 

1 Delay in the bismuth meal with dilatation above (late) 

2 Irregularity of the lower esophageal outline 

3 Visible peristalsis in order to overcome the obstruction 

4 Usually a trickle of banum past the point of narrowing 
(late) 

5 Failure of large barium bougies to pass 

The roentgen examination of the stomach bears a 
certain relationship to the roentgen examination of the 
esophagus in that neoplasms of the upper tliird of the 
stomach are shown tvith greater difficulty than neo¬ 
plasms in the lower third This follows as a conse¬ 
quence of the greater difficulty of fully filling the upper 
third of the stomach with the contrast meal Of 
especnl value in this connection is the article which Dr 
Cannan presented in 1923 before the American Gastro- 
Enterological A-Ssociation entitled “Technical Aids in 
Roentgenologic Demonstrations of Lesions High in the 
Stomach and on the Posterior Wall ” 

The radiologist acknowledges a higher percentage of 
error in lesions of the upper third of the stomach than 
in the diagnosis of pathologic conditions in the middle 
and lower third in routine examinations Therefore, 
the difficulties of visualization of filling defects m the 
uplicr third of the stomach must be met bj"^ a special 
technic First of all, one must carefully obsen'e fluoro- 
scopicalh the beha\ior of the bismuth mixture as it 
spurts from the esophagus into the stomach Its 
course should lie carefully observed and anv deviations 
from the usual channel should be noted This fluoro¬ 
scopic examination should if possible, be supplemented 
hj serial films In routine examinations, observations 
m the erect and prone positions should always be sup¬ 
plemented by examination in the supine position 


Further, all gastric examinations m patients of the 
cancerous age should include an examination of the 
patient in the Trendelenburg position so as to insure as 
complete a filling as possible of the upper pole of the 
stomach Patients showing increased gastnc motility 
should always have an exhaustive survey made of tlie 
upper third of the stomach This survey should be 
both fluoroscopic and with senal films There is always 
a possibility of missing lesions in the upper pole of the 
stomach if one relies on senal examinations made in the 
prone position I have found the use of tlie narrow 
table placeu m front of the vertical fluoroscope to be of 
gp-eat value in completely outlining the greater cur¬ 
vature m its upper portion With the patient lying on 
his left side and given the opaque meal while m this 
position, defects on the greater curvature can be more 
satisfactorily demonstrated I would call attention to 
the frequency of a caranoma involving the upper pole 
of the stomach and extending by direct continuity into 
the esophagus The clinical history in these cases is 
oftentimes fairly characteristic, the patient giving a 
history' which simulates that of gastric ulcer succeeded 
by a penod in which dysphagia is added to the 
symptoms 

In a recent study of thirty-two cases of malignant 
lesions of the lower esophagus and upper third of the 
stomach seen at the Michigan University' Hospital, com¬ 
piled by mv assistant. Dr C L Gillies, it was found 
that in sixteen of these cases the growth was pnmary 
in ,the upper pole of the stomach and then extended 
directly into the esophagus One case was interesting 
in tliat the gelatin bougie detected a slight narrowing of 
the lumen of the lower esophagus while the exami¬ 
nation of the upper third of the stomach showed an 
extensive infiltration on the posterior wall In another 
case in which we found decisive evidence of cancer of 
the lower esophagus, the roentgen indications of lesiohs 
in the upper third of the stomach were inconclusive 
Afterward a gastrostomy and manual exploration 
revealed an extensive gastric carcinoma Banum was 
introduced into the stomach through the gastrostomy 
tube, and even w'lth the patient in the Trendelenburg 
position an outline of the lesion was difficult to obtain 
and did not correlate with the exploratory observations 

Roentgen signs of gastnc cancer at the cardia are 

1 Irregularity m the spurting of the barium from the esopha¬ 
gus into the stomach 

Z Irregularity m tlie outline of the cardia in the Trendelen¬ 
burg or left lateral positioa 

3 Constancy of deformity m serial films 

4 Marked gastnc hvpermotility 

I feel that the cardiac portion of the stomach is a 
region which presents difficulties in the early detection 
of cancer In every case presented for examination 
the possibility of an early cancerous lesion should be 
considered, and therefore all the refinements of the 
radiologic art should be employed 

SUMIIARV 

1 The usual methods of roentgen examination of the 
esophagus are often insufficient to detect small new 
growths 

2 The gelatin barium bougie is a delicate test for 
encroachment on the lumen of the esophagus and may 
furnish reliable data for a negative diagnosis 

3 The banum gelatin bougie is of importance in 
determining the desirability of an esophagoscop\ 

4 In the endeavor to detect early malignant lesions 
of the lower esophagus and of the cardiac portion of 



1358 


CANCER—HICKEY 


Jou« A. JI A. 
Nov 2 1929 


the Stomach, all the special technics at the disposal of 
the radiologist should be emplo 3 fed 

5 The examination of the patient in the recumbent 
left lateral position is often advantageous 

6 We should be unceasing in our endeavor to per¬ 
fect our technic in the hope of making diagnosis much 
earlier than is now done 


ABSTRACT OF DISCUSSION 
Dr B H Orndoff, Qncago It has been almost a hobb> 
with me to trj to gam technical points in the diagnosis of 
abdominal conditions b\ rotating patients m different positions 
and observing the organs filled witli opaque substances with 
the source of light passing through the bod\ at different angles 
We adopted at first the method described bj Dr Hickev, using 
a small narrow table in front of an upright screen We saw 
the adrantage and the necessity almost of adding a feature to 
the regular hospital cart or table, an arrangement that would 
permit eleiation of the hips abo\e the shoulders to a marked 
degree, and Mce ^ersa, a partial ele^atIon of the shoulders 
aboie the hips This increased our interest until about 1919, 
when pneumoperitoneum came along, then we felt keenl> a 
demand for a special equipment that would gi\e us these posi¬ 
tions accuratelj A table has been de\ eloped bj the Victor 
Electric Corporation in which the tube and the screen are sup¬ 
ported on two circular wheels which surround the table making 
It possible to moie the source of light from one plane to 
another and hold the patient m the same position On that 
same table we can elei-ate the hips abote the shoulders or tlie 
shoulders aboie the hips and when the proper position is found 
at which an organ remains filled or partlj filled, we can tarj 
the source of light in the different directions so that we can 
bring out a defect that might be obscure othenvise Another 
point which the author failed to stress is the advantage to be 
gained by the air bubble in the stomach In some of these 
cases wnth pathologic changes in the lower end of the esophagus 
and upper cardia a very small air bubble will be found in the 
stomach We have found it necessary to trj to reduce that in 
some cases, and in some cases have actually caused a pressure 
above the lesion bj inserting a gastric tube and pumping air 
into It until we got enough air in the stomach to show plainl) 
One can throw the gas bubble into an> portion of the stomach 
desired simply bv turning the patient Sometimes there will 
be hernia pouches or ulcers that have suppurated, and by having 
the patient in the direct posture there is a filling of the stomacli 
m the usual wav, while with tlie face upward or downward 
with the usual equipment one would miss it altogether This, 
of course demands painstaking technic It is time-consuming 
and It becomes more or less irksome from that standpoint 
But I believe that in the difficult cases, in which the radiologic 
observations do not explain the clinical signs, we are obliged 
to keep on with the search until we can eliminate every line 
of investigation that comes to us 
Dr. Frank SMixmEs Qncago 'While the other regions 
of the stomach and the duodenum are prettj well taken care 
of bv the roentgenologists, it has been mj experience that our 
errors and their errors have occurred in these esophageal or 
high gastric lesions This has certain practical points 
Dr Hickej mentioned that one third of the instances vvhicli 
were considered to be cases of carcinoma of the esophagus were 
primanlv carcinoma of the stomach We have seen a number 
of instances in vvhicli, at a great sacnfice of tune and monej, 
tlie patients have been subjected to radium treatment of the 
lower esophagus for the curing of esophageal carcinoma, when 
the lesion was reallj a hopeless gastnc cancer The patients 
did not receive anv benefit, and in two instances, at least, 
through such treatment, died of hemorrhage or perforation of 
the high Ijnng gastric carcinoma The plates that come to us 
which are negative when a lesion exists are usuallj of those 
patients whose stomadis have not been completely filled bj 
barium. All of us cannot avail ourselves of the technical 
assistance by special apparatus that Dr Hickey and Dr Omdoff 
mentioned, but at least we can all insist that we give no diag¬ 
nostic opinion regarding the stomach unless the stomach is 
completelv filled If this is done fewer high-lving lesions will 


be missed Another point is the physical evidence of a tumor 
high in the stomach I mentioned a number of years ago that 
m such lesions, if the patient was placed flat on his back, wnth 
his hips elevrated, there would be dulness in Traube's space on 
expiration When the patient inspires deeply, Traube’s space 
becomes tympanitic to percussion 
Dr George B Eustervian, Rochester, Minn When one 
has had the valuable cooperation of an expert roentgenoscopist 
there is a great deal of security in the often necessary rapid 
turnover of patients, in the satisfactory elimination of intra- 
gastne lesions, especially with repeated negative fluoroscopic 
examinations Nevertheless, when the clinical symptoms and 
signs are suggestive of an mtra abdominal malignant growth, 
especially in the stomach the possibility of being unable to 
visualize lesions in the upper third of the stomach, particularly 
on tlie posterior aspects of that organ, is considerable. The 
history of recent dyspepsia m an elderly adult, associated with 
loss of weight, anemia and the presence of fresh and altered 
blood in tlie gastric contents or in the stool on a meat-free 
regimen justifies repeated roentgenoscopic reexammation under 
such circumstances It is a cunous fact that such gastric 
lesions difficult of visualization are usuallj inoperable anj'vv'aj, 
but in spite of that one should have the satisfaction of making 
a definite diagnosis in the interest of the patient, if for no 
other reason. We have had a number of experiences in which 
withdrawal of the stomach tube brought with it malignant 
tissue and vet a negative fluoroscopic report was returned on 
the initial examination It is necessary to do an e.xploratorj 
operation in some of these cases to confirm the clinical diag¬ 
nosis when the laboratory procedure does not help solve the 
problem Expenences in this group of cases show us that 
tliere is no royal road to diagnosis 
Dr E D ^fcCARTV, Tacoma, Wash Dr Hickey did not 
mention that in making a gastro-intestinal examination one 
should always place the patient in the horizontal position, then 
have him take a deep breath If the dome of the diaphragm 
outlined by the barium-filled fundus of the stomach, does not 
change its shape one is suspicious of the presence of malignancy 
Another point is that in the upnght position I have noticed 
the fundus of the stomach stooling over the media, suggesting 
an incisura In those cases I am always suspicious of a lesion 
in that region, and by turning the patient I am often enabled 
to bring this out, but by taking a film with the patient per¬ 
fectly flat on his back and his feet slightly elevated, with a 
heavy exposure, when there is not too much barium in the 
mixture, one will bring out a mottled condition up in the 
fundus, or some definite area of dense barium, while the malig¬ 
nant growth will show along the upper margin of the fundus, 
the rugae showing up through the barium except where the 
barium is blotted out by the deep exposure 
Dr P M Hickev, Ann Arbor, Mich I would like to 
emphasize the point brought out about repeated examinations 
The physician, when he examines, says, T will come in tomor 
row and see you again’ He goes back with his stethoscope 
the second day I think the same courtesy should be given the 
roentgenologist to repeat the ex-amination either to confirm the 
negative diagnosis or, perhaps, to add to it The table which 
Dr Omdoff devised some years ago is a useful piece of appa 
ratus, and I am sorry there are not more of them in general 
use because it permits placing the patient in advantageous posi¬ 
tions The table which I demonstrated was made by tbe hos¬ 
pital carpenter TTie central section is 36 inches long There 
IS a piece 18 inches long at each end which will drop down 
out of the way when one is not using the table, and which can 
be brought up to a horizontal position and held by a little 
support on each end In that way one has a table 6 feet long 
which when not in use, can be folded down and placed to one 
side We have found it useful in making examinations of the 
stomach and the esophagus and also in the detection of chang¬ 
ing fluid levels in examining the thorax. I think that the use 
of these simple aids in the laboratory often helps in some of 
these rather difficult diagnoses I will say again that I think 
the roentgenologists have been missing too often the lesions in 
the upper third oi the stomach and therefore I think that if the 
phvsician does not give his clinical data, the roentgenologist 
should have a conference with the patient so that he may pro 
ceed with his work m a more orderly and understanding fashion 
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TREATI^IENT AFTER PROSTATECTOMY* 
L P PLAYER, MD 

SA\ FRANCISCO 

The preoperatiNe preparation of patients about to 
undergo prostatectom} is understood bi urologists 
m general, and the medical literature is liberal in its 
exploitation One mai consenativeh state that the 


been established, the general condition of the patient 
is belon his preoperatiie standard If infection did 
not exist pre\ lous to the operation, the bladder becomes 
infected follomng operation In man} cases because 
better drainage has been established b} surger}, the 
urine maj become stenle under simple unnar) anti¬ 
septics, bladder larages, or b\ treatment directed to 
infected foci elsewhere Again, the bladder infection 
mar persist and defer conr alescence 
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present low mortiht\ rite is largel) dependent on such 
prcparition One finds, howeicr, instances in which, 
after the incision Ins healed md xoiding of unne has 

Read before the Section on l.rnloc> at the Eightieth Annual Session 
01 tbe iiTiencan iieihcal Association Portland Ore. Jul> 12 192Q 


One of the chief considerations m prostatectonn is 
to nioid injuring the renmiontamim with its ejaculaton 
ducts, \et httle importance had been attached after 
operation to the seminal \esicles and their ducts as 
possible sites of infection 
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In the past few ) ears, when possible, I liave insisted 
at what I considered the opportune time, on a full 
ph 3 'Sical examination of my prostatectomized patients, 
in addition to my own special investigation of the genito- 
unnarj tract, and have been surpnsed at the frequency 
with which seminal vesiculitis was encountered 

I agree with Montague L Bojd,^ who believes that 
seminal vesiculitis is a direct extension from the pros¬ 
tate bed, as four of the fifteen cases in the accompanying 
tables did not show any preoperative infection in the 
bladder, prostate or \esicles I realize, howeier, that 


nation in my patients was negative but mv own investi¬ 
gation of the bladder and seminal vesicles revealed 
the following snuptoms and obsen-ations The patients 
complained of suprapubic pain, perineal discomfort, 
testicular pain, vague joint and muscle pains, unnary 
frequency and, in some instances, painful erection 
occurring irregularly during the twenty-four hours 
Examination of the unne showed pus and infection 
Rectal examination elicited a sensitive prostate bed, 
sensitive indurated seminal vesicles with perivesiculitis 
The expressed secretion showed pus in varjing degrees 


Table 2 —Data tn Five Additional Cases 


Laborntory Observations 


Residual 

Urine 


Postoporntlvc 
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the prostate bed and vesicles could be infected by unne 
that has become infected after operation 

In this paper, based on fifteen cases representing 
approximate!) 25 per cent of the prostatectomized 
patients that I have been able to follow up in the last 
SIX 3 ears, I will show that responsibiliti does not cease 
when the inasion is healed and voiding of unne is 
established After infection in the upper unnar)' tract 
and the possibiht) of obstruction to the flow of unne 
are eliminated, one ma) find that the patient is not 
improving satisfactonl) The general phvsical exami- 


1 VI L. Seminal V^csiculitis After Proetatectomr Due to 

IntoioC^n.lh MiSoeoccu. OttatThal.. J Urol 10 3S7 (Xov) 1923 


The accompan 3 ing tables will serve to illustrate mv 
observations The) represent a practical compilation 
of data gathered from a follow-up study of fifteen 
cases over a penod of six vears, each case having been 
under observation for at least tw'o 3 ears 

AXALVSIS or THE TABLES 

A plus sign in the tables used m connection with the 
pus content represents twenty-five pus cells to the high 
drv field 

Used in connection with infection, one plus sign 
means light growth, two plus signs, moderate grow'tli, 
and three plus signs, heav v growth 
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^UM®tR le T f 1 

Gro.„. 1 ,ncl«<te c»,c, m “SS’s “..“‘s’p°‘r of “”V coroSly 

done SIX weeks after the wound was ‘ followed cases, which I hcheve warrants the statement 

tion was restored The general piysi • ' . ^ ll,^^ fi^e surgeon's responsibility does not cease when 

was negatne The urolog.c examination revealed ha^ 

vf?SlCulltlS . , 1_ 


• -o inc i:iu'>unz ” 

sciminl vesiculuis _ , , . f'^tnUhshed 

Group 2 gave the same observations as m group 1, has been esiaiiusnc 

when examination was done seven weeks after closure 
Group 3 showed the same condition as group 1 when 
cxaniinatioii was done nine weeks after closure recognition and proi 


coNcresioNS 

The sludv of these aises lias com meed me that 


examination was done nine weeks after closure recognition and proper treatment of seminal vesiculitis 

Residual Urine—The postoperative residual urine ^^.^^rring after prostatectomv is just as imi>ortant a 
did not hear relation to the jireoperative residual uniie comfort and longevity of the patient, as 

except when a large residual urine had existed tor ,j,rativc care is to a safe prostatectomy 

^ca^s, causing a jicrmancnt though slight loss of hlad- 

O __ —rlMC 


der tone F, m group 2, was an example of this 
Laboraiorv Obscivalions —In four of the fifteen 
cases there was sterile urine before operatmn After 
operation, cultures m all were positive The culture 
in eleven showed essentially the same organisms as 
were present previous to operation Specimens ol 
urine taken direct from the kidnev pelves were normal 
m all three groups From the tables it would seem 
that at the end of each fiuartcr there was a gradual 


384 Post Street 

POSl OPERATIVE COMPLICATIONS OF 
PROSTATECTOMY * 

A II Pr-VCOCK, MD 

SrMTLfc. 

Science judgment, experience and surgical skill arc 


that at the end of each fiuartcr there was a gr.adua guardians to safety and success in prostatec- 

decrease m the pus content and infection in | ^ Adversity and misfortune arc often master 

S: .own, »,1 C.os .Ins s...„„on „ evon n.oro 

ro^^on.tc.cl frcGuciillv UHcl <i bloocl iiTCti csUninlion prcYGicnt .1 t c 

was cSneel out at the^ same tune It is interesting What interests the surgeon most m the ^ 

to note that m thirteen cases the good average pro- prostatectomy^ Is it the report of 100 or-00 consccu 
operative maximum phcuolsulphonphthalcin percentage live ctscs without a de.ath It is the postoperal vc 
cmialcd the maximum postoperative phcnolsulphon- complications which hold his Ttcntimi He must 
phthalcm to the eighth ciuarlcr In the other two cases manage the average elderly man partly broken in 
there was a fall in the postoperative phcnolsulphon- health After careful prco)icrativc preparation, as 
phthalcm at first, which hccamc higher than the pre- decompression of the urinary bladder, stabihration of 
operative phcnolsulphonphthalcm maximum later the cardioi ascular system, improving the renal fimc- 

Friii/icrn/iirr-riie temperature is typical of a low tioii, obtaining blood counts and chemical estimations 
grade infection, slightly below or above normal some of the blood, improving the nutrition, watching a 
tunc during the das In two cases a slightly sub- smoldering respiratory infection, and getting the old 
• ■ ‘ I' - gentleman into Inc proper frame of nnnd, then last 


norm'll mornmg Icmpcr'ilurc still cMsts 


nOllUU luuiinuj^ wvuv, ovm v.>»ox47 c . . 

E/.u/,rfvmi/K-This occurred m two cases on the comes the surgical remedy 
fourth and scvciith days, respectively The observation notes n 

n cf*rir»Q nf 117 rnQOQ in nr 


TKrATMTNT 


The observation notes m tins paper arc made from 
a senes of 117 cases in private practice The working 

rmifliMonc Invp nnf linpn iflonl linrnnsf* nf fhp Inrk 


A bland, simple diet was prcscrilicd Stimulating 
tonics were given with port wine or whiskv to definite 
advantage 

Acnflavmc hydrochlonde, salol hcxylrcsorcinol 
and mcthciiammc, adnnmstercd b) mouth, were the 
urinary antiseptics that gave the best results 

Locally gentle stnjipmg of the scnimal vesicles once 
a week or as indicated, with instillations to the posterior 
urethra of mcrcurochromc-220 soluble, 1 to 3 per cent, 
mcrcurosihcii 1 m 5,000, or mild silver protein 10 per 
cent along with water or diathermic rcclopborc, was 
found the inetliod of choice Autogenous vaccines and 
milk and other foreign proteins were also used to some 
adv aiitagc 

I was unsuccessful m getting bacteriophage in any 
of these cases 

SUMMARV 

N P Rathlniii = quotes ten cases in which prostatec- 
toinv was done Nine showed seminal vesiculitis fol- 


of organiEcd clinics and urologic wards In studying 
cases for the conijilications and end-results, one should 
strive for the truth One wants to sec if a mistake m 
judgment has been made and how to avoid it next tune 
Inaccurate reports do not deceive any one but the 
writer 

Complications mav he divided into mimcdiate and 
delayed The immediate are those occurring within 
forty-eight hours and the delayed after this period 
Under immediate complications arc renal failure, car¬ 
diac failure, thrombosis and hemorrhage 

KrxAi TAiLi ar 

In spite of renal function and the chcmiGil condition 
of tiie blood within the safety zone, this comjilication 
should be prepared for m all cases Out of forty-two 
deaths in 995 cases at the iMayo Clinic, Hunt states th it 
25 per cent were due to uremia It is a good practice 
to digitalize the prostatic patient before tlie operation 


> Kitltlntn N V Seminal \ a Complication of Prosla 

Usm and 1 rottatcv-iomy Surg Cyntc Obst 10 2W (Feb) 1925 


Head lieforc the Section on ITroIocy nt the Fif;hlielh Annual Seaaion 
of the Imencan Medical Association Portland Ore July 12, 1929 
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and to give fluids intravenously immediately following 
IMental indifference, drowsiness and failing unnarj' out¬ 
put require prompt remedies Gradual decompression, 
preliminarv drainage, and cystotomy ha\e lowered the 
mortalit}' greatl}^ IMany men past 60 years of age have 
hj'pertension and a trace of albumin This should 
alua\s be a vaming Age has brought about changes 
in the kidney, as arteriosclerosis and degeneration of the 
epithelium of the tubules Under ordinar)' conditions 
the kidnej funchon is sufficient but when put on a 
strain, as iiolent fluctuations of the blood pressure or 
shock, renal excretion is impaired, with increasing blood 
retention of urea nitrogen, creatinine and chlorides 
S\anptoms of toxemia appear, restlessness, diminished 
urinar} output, drowsiness, nausea and vomiting Out 
of eight deaths in this senes of 117 cases, 37 7 per cent 
were due to renal failure 

Case 1—F F R. a man aged 70 an attornej Iiad sjmptoms 
of prostatic obstruction for the past seienteen \cars and used 
a catheter for a long time Hematuria de\ eloped, making 
catlieterizing difficult A diabetes mellitus bad been controlled 
with insulin 

The patients height was 5 feet 11 inches (180 cm) and 
be weighed 200 pounds (91 Kg ) His blood pressure was 
180 s\stolic and 120 diastolic Qiemical analjsis of the blood 
showed sugar, 130 4 mg creatiiime 222 mg and urea nitrogen 
1214 mg The phenolsulphonphthalem output was 60 per cent 
in two hours 

Urinabsis retealed a specific graiiti of 1018 a trace of 
albumin, faint trace of sugar manj pus cells, numerous red 
blood cells and colon-like bacilli 

SepL 4 1928 an indwelling catheter was used and a right 
sided epididi-mitis deieloped The catheter was not a success 
so on September 8 a suprapubic cjstotomj was performed under 
local anesthesia The epididjmitis later progressed to suppura¬ 
tion before it subsided 

September 28 a suprapubic prostatectomy was done under 
sacral anesthesia In spite of diuretic drugs and mtratenous 
fluids, the urinarj output fell off rapidlj Fort>-eight hours 
afterward comnilsions set in and death followed 

The explanation of this deatli was severe long standing 
unnarv infection and a chronic nephritis The patient might 
possiblj have been saved had a longer period of drainage been 
given him However he was extremely hard to manage, 
nervous impatient and headstrong 

Case 2—W a man, aged 90 a farmer for jears had 

prostatic obstruction until complete retention occurred. Cathe 
terization could not be effected so a suprapubic cjstotomy was 
done, Oct 14 1928 He was also afflicted with a distressmg 
bronchitis of long standing 

His height was 5 feet 834 inches (173 cm ) and his weight 
115 pounds (52 Kg) at the time of examination, his normal 
weight was 165 pounds (75 Kg) His blood pressure was ISO 
sjstolic and 90 diastolie Chemical anal} sis of the blood 
revealed urea mtrogen 28 mg , creatinine 2 mg and non- 
protein nitrogen 55 5 mg The phenolsulphonphthalem for the 
first hour was 15 per cent, tlie second hour, 20 per cent 
Unnalvsis showed a trace of albumm wnth man} pus cells 
and bacteria 

October 30, a suprapubic prostatectom} was done under sacral 
anesthesia On the sixth da} the patient was listless and could 
swallow onl} with difficultv Breathing was labored from 
mucus in the bronchc He gentl} slipped into unconsciousness 
and died on the fourteenth postoperative day Shock and renal 
failure caused his death 

Case 3—\V U a man aged 72, a laborer suffered with a 
severe backache for months His frequent urination he accepted 
as part ot his age The attending ph}siaan found a distended 
bladder and relieved him of 2 quarts (liters) of urine. Since 
then a catheter had been necessary to relieve him 

His height was 5 feet 8 inches (172 7 cm ) his weight 120 
Iiounds (54 Kg) at e.xamination, his normal weight was 165 
pounds (75 Kg ) He was a slender, elderly man vnth a morose 
pessimistic disposition Life had been a failure and disappoint¬ 


ment to him He had worked unceasingly all his life, only to 
break down physically and find himself without friends and 
financial aid I mention this, as I had this mental attitude to 
combat throughout his illness The mental attitude of the 
patient is a tremendous factor m his recovery For ten days 
this patient refused to cat, so that forced feeding and intra¬ 
venous dextrose solution was employed until he got tired of it 
and ate as he should liave. 

The blood pressure was 90 systolic and 60 diastolic. Chemical 
analysis of the blood showed urea mtrogen, 60 mg, and creati¬ 
nine, 3 31 mg After six weeks with catheter drainage, the urea 
nitrogen dropped to 30 mg and the creatinine to 1 8 mg The 
phenolsulphonpbtlialein output for the first hour was 0 per cent, 
the second hour, 5 per cent, this rose to 17 5 per cent This 
delayed output for the first hour is significant of senous 
kidney impairment The patient seemed to have reached his 
maximum improvement 

A prostatectomy was done under gas anesthesia Nov 12 
1924 after two months’ drainage He seemed to do well after 
his operation except for his nourishment, as he again refused 
to eat He lapsed into unconsciousness on the fourteenth post¬ 
operative day and died, apparently uremic 

CARDIAC FAILURE 

In cardiac failtire one is again confronted with a v'ltal 
organ that age has impaired The heart has faithfully 
performed its muscular contractions for sixty, sev^enty 
or eighty years, under all conditions and experiences, 
joy and sorrow, muscular exertion and rest, health and 
illness It IS well known that the heart will not stand 
the strain at 60 3 'ears tint it vvnll at 20 , for myocardial 
degenerations occur All athletes will attest to this fact 
Past middle life, the heart is alw'ay's an uncertain factor 
One patient of 60 years, I remember, had been hospital¬ 
ized for prostatectomy apparently m good condition, 
he died suddenly of coronary thrombosis aw'aiting oper¬ 
ation In this senes, 25 per cent of the deaths were 
due to cardiac disease 

Case 4—G kf H, a surgeon, aged 65 for two years while 
attending to his large surgical and general practice catbeterized 
himself four times a div Infection of the bladder resulted 
He became so irritable and distressed tliat prostatectomy was 
requested April 26 1927 One vear previous he collapsed 111 
the operating room and was confined to bed for eight weeks 
with a myocarditis 

The patients height was 5 feet 11 inches (180 cm), his 
weight 200 pounds (91 Kg ) The blood pressure was 205 
systolic and 105 diastolic. Oicmical analysis of the blood 
showed urea nitrogen, 12 5 mg nonprotem nitrogen, 272 mg 
chlorides 462 mg, and creatinine 1 3 mg The pheiiolsulphon 
phthalein output for the first hour was 20 per cent, the second 
hour, 12 per cent The unne showed a trace of albumin 
occasional hyaline casts and the presence of staphylococci 

This patient was dictatorial and domineering, be knew just 
what he wanted and when it was to be done. An immediate 
one-stage prostatectomy was insisted on A suprapubic opera 
tion under gas anesthesia was done The patient left the table 
m good condition Two hours later, his pulse suddenly became 
imperceptible he thrashed around tlie bed, Cheyiie Stokes 
breathing developed and he died four hours after the operation 
Death was due to coronary thrombosis 

Two mistakes were made a two stage operation was clearly 
indicated and sacral anesthesia should have been employed. 
Irrespective of the patient one should never be persuaded into 
acting against ones judgment It would be far better to refuse 
ones services altogether 

Case 5 —A B , aged 79, an mv estment broker sought relief 
April 18 1927 for retention of unne Catheterization had 
been necessary for two months For years he Ind suffered with 
hypertension and myocardial disease Recently he remained in 
bed feeling too weak to sit up He was 30 pounds (14 Kg ) 
underweight 

The patients height was 5 feet 10 inches (185 cm) his 
weight was 110 pounds (50 Kg) The blood pressure was 
170 systolic and 90 diastolic. The heart was markedly enlarged 
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and auscultation showed an auricular fibrillation aiemical 
anaKsis of the blood showed urea, 63 9 nig, and urea nitrogen, 
299 mg A phenolsulphonphthalem test gave 40 per cent for 
the first hour and 25 per cent for the second 
An indwelling catheter was used On his seventeentli hospital 
dav the patient developed a slow cerebral hemorrhage which 
clouded his speech this cleared up in five dajs On the tlnrtieth 
hospital daj a suprapubic c>stotom> was done under local 
anesthesia He dei eloped a slight cough and rales were heard 
o\er the bronchi This cleared up under diathermy Three 
weeks after the cjstotom> tlie prostate was enucleated under 
ethjiene gas anesthesia Fort) eight hours later he suffered a 
cerebral hemorrhage, lapsed into unconsciousness and died three 
da)s later This patient was liandled most carefull) Death 
would probabl) ha\c occurred in an) esent We sometimes 
think we can do the impossible. 

Combined cardiac and renal disease is a problem to all surgery 
The mortalit) is alwass high 

Case 6—J G 111 aged 57, a cook, had been ill with mitral 
disease for )ears seseral times almost d)ing This condition 
was secondar) to inflammatory rheumatism For a year he had 
great difficulty in voiding, resulting in complete retention He 
was cathetenzed after considerable effort 
At examination June 17, 1927 the patient's breathing was 
labored and he had moderate cyanosis His height w'as 5 feet 
7 inches (170 cm ) his weight 200 pounds (91 Kg ) The 
blood pressure was 160 s)Stolic and 80 diastolic the pulse rate 
was 104 There was edema of the legs and ankles The urine 
showed a heai) ring of albumin and h)aline casts The heart 
W'as somewhat enlarged, icry irregular and produced a loud 
mitral murmur There was a suprapubic dulness Chemical 
anal)SIS of the blood showed urea nitrogen, 18 mg urea 
3252 mg, and creatmme 1 5 mg The phenolsulphonphthalem 
test gay e 5 per cent the first hour and 2ZS per cent the second 
hour \s the catheter was so painful a suprapubic evstotomy 
was done under local anesthesia. The pulse measured from 
130 to 143 beats and the respiration 38 to 40 for a week The 
patient s condition seemed so improy ed that a prostatectomv was 
done one month later under sacral anesthesia Two weeks later 
he was sent home to convalesce, the wound was almost healed 
Fi\e dais afterward he became irrational, when coma de\eloped 
followed b> death two da\s later 
This patient, at all times was a poor risk His retention, the 
great difficult) and pain from the catheter decided us to resort 
to surger) There seemed to be no other solution, as the 
patient complained bitterly of pain 

Urinary infections play an important role in these 
complications Retention of iinne, frequent catheter¬ 
ization under unfavorable conditions, chronic pulmo¬ 
nary infections, intestinal stasis and infected teeth are a 
menace In Hunt’s report, 16 5 per cent of the deaths 
were due to general sepsis 

In the present senes of 117 cases, epididymitis 
occurred in three cases before operation and in ten cases 
after operation It was a distressing condition but not 
fatal This complication occurred in 11 per cent of 
cases I\Ianj adiocate preliminary vasectomy In 20 
per cent of 1,049 cases reported by Young, epididymitis 
de\ eloped 

Piclitis occurred in two cases They responded to 
treatment readih 

Severe cxstitis was noted in seienteen cases, or 14 5 
per cent These infections were usually from Bacillus 
roll and stapln lococci They cleared up after drainage 
hut usually caused a delay in the healing of the w ound 
Pyonephrosis occurred in two cases and later neplirec- 
tonw was done In cvstoscopy of the prostatic patient 
I do not alwai s cathetenze the ureters I think that if I 
did laluablc information might be obtained, especialh 
when there is an infection 

The pulmonary complications are lobar pneumonia, 
bronchopneumonn, chronic bronchitis lung abscess and 
embolism Pulmonary complications occurred in II 11 


per cent of patients as follows pneumonia, five, lung 
abscess, three, embolism, one, and chronic bronchitis 
four Seven of these had sacral anesthesia and six had 
general anesthesia 

Case 7—S S, aged 80, a farmer, suffered for seven years 
with difficult urination, nocturia and hematuria He had mflu- 
ciira and pneumonia m 1918 

At examination, April 5, 1924 he weighed 165 pounds (75 
Kg ) his height was S feet 8 inches The blood pressure was 
150 systolic and 90 diastolic Chemical analysis of the blood 
showed urea, 57 6 mg, and creatinine, 1 9 mg 

After preliminary catheter drainage, a one step suprapubic 
prostatectomy was done under gas anesthesia After thirty-six 
hours the respirations went to 50 and the pulse to 120 Breath¬ 
ing was difficult The next dav there were all the signs of 
a pneumonia He died on the fifth postoperative day Sacral 
or spina! anesthesia which he refused would probablv have 
saved this man Local anesthesia has ushered in a new era for 
prostatectomv 


Oiilliiu of Cases 
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1 Immediate 


23 

2 Late 


S3 

A Pulmonary 


13 

1 Poeunionln 5 , 

j Anesthetic used 
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1 sacra) 2 ecoeral 0 


S Fmbolism 1 

4 Chronic bronchitis 4 

B Carrtine 


10 

C CriDary tract lolectlonf 


84 

1 Epididymitis 

Preoperatlvc 

3 


Po«topcratlre 

10 


2 Pyelllla 

2 


3 Cystltii 

17 


4 Pye’onephrltls 

o 


D Heno) Insufficiency 


0 

F Hemorrhoge 


5 

T Persiftent sinus 


2 

G Cerebral embolism 


2 

H yerere hemorrhage 


2 


Case 8 —N D H a gardener, aged 76 suffered with urinary 
obstruction until it became complete He catlieterized himself 
and shortly developed an epididymitis He was admitted to tlie 
hospital for retention April 13, 1928 
His height was 5 feet 8 inches (173 cm ) and Ins weight 145 
pounds (66 Kg ) The blood pressure was 135 systolic and 
70 diastolic The temperature was 100 F at noon Physical 
signs of locomotor ataxia were present The blood Wasser- 
mann reaction was negative. Oiemical analysis of the blood 
showed urea, 75 mg and creatinine, 14 mg The plicnol- 
sulphonphthalein test the first hour was 10 per cent, the second 
hour 5 per cent 

After eight days of drainage a suprapubic cystotomy under 
local anesthesia was done. Eight days later the prostate was 
enucleated under sacral anesthesia After two days the patient 
had a chill a temperature of 103 F, cough and dark sputum 
On the seventeenth postoperative day it was possible to make 
a diagnosis of pulmonary abscess of the right upper lobe Death 
occurred on the twenty-fifth postoperative dav The wound had 
healed This patient had the handicap of an infection to start 
with 

COMMENT 

Postoperative hemorrhage has always been a threat to 
prostatectomy, either immediate or secondary Immedi¬ 
ate hemorrhage occurred in two cases, m both of which 
Pilcher bags w ere inserted In each case the bag prov ed 
too small The bag was removed, a sound then passed 
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into the urethra and two inch gauze packing used to fill 
the prostatic cavity Once certain of a hemorrhage, 
one should not lose any time in removing everj'thing, to 
inspect the prostatic bed and pack tightly 

Secondary hemorrhages occurred in three cases 
These came on at the end of ten days or two weeks, 
they were not as severe as the primarj', being easily con¬ 
trolled by packing They were the result of an erosion 
of a vessel in the wound Often large vessels in the 
bladder wall are the ones involved Direct vision 
prostatectom}' has reduced hemorrhage The mortality 
of these 117 cases \vas 6 8 per cent and each death has 
been reported in brief with the hope that others may 
profit by my errors of judgment 

SUMMARY 

1 The study of the postoperative complications of 
prostatectomy is an aid in further reduang the mor¬ 
tality of this operation 

2 The chief complications are renal failure, cardiac 
failure, pulmonary infections, urinarj' infections and 
embolism 

3 These complications can be handled better by giv¬ 
ing a longer time to preliminary drainage and prepa¬ 
ration 

4 The prostatic patient often has multiple pathologic 
changes and should be studied thorouglily 

5 In 117 cases, the mortality was 6 8 per cent 

6 Of the deaths, 37 7 per cent were due to renal 
failure, 25 per cent to cardiac failure and 25 per cent 
to pulmonarj' disease 

1215 Fourth Avenue 


ABSTRACT OF DISCUSSION 

ON PAPERS OF DRS PLAIER A^D PEACOCK 

Dr Floid F Hatch Salt Lake Citj One point not fully 
dwelt on is the control of hemorrhage The suturing of the 
bladder floor bv the method of Hunt and Sir John alker or 
after the manner of Lower is one of the best methods of 
reduang the frequency of this complication In addition we 
can add the bag if necessarj If we do this we can feel much 
more at ease Another point concerns the complication of 
pulmonarj embolism I think that the chest irritation and the 
\arious sj-mptoms that are minor in the chest which follow 
inhalation of the gas ether or whatever we use are often due 
to the embolic fragments from the wound that get up to the 
lung area Another thing is that the fatal embolisms are rather 
common m prostatectomies I think that extreme gentleness 
m a procedure that at times must be rather rough is well 
worth bearing m mind 

Dr John R Caulk St Louis It is a current conception 
that it IS difficult to eNpose the neck of the bladder in a two- 
stage prostatectomj For two years I have been opening the 
wound at the point of incision exposing the bladder neck 
thorouvhlv grasping the orifice and pulling the prostate to the 
operator m order to lessen trauma from manipulation and to 
simplifv enucleation I have modified the Judd retractor by 
lengthening it one half inch and tapering it so as to make it 
enter the bladder opening In this vvaj one can secure perfect 
exposure of the bladder neck, tnm avvaj tags which often 
cannot be palpated and also clamp and ligate any bleeding 
arteries This procedure takes longer than the average blind 
second stage prostatectomj It shortens convalescence lessens 
complications and certainlj minimizes mortalitj 

Dr. George W Hartman San Franasco It maj be of 
interest to mention two cases m which the end-results had the 
patients been operated on would have been regarded as com¬ 
plications’ follownng prostatectomj The first case was that 
of a man with carcinoma of the prostate, without metastasis 
but with fairlv advanced Parkinsons disease Because of the 
patients mabilitv to handle a catheter, all tests and functions 
being satisfactorv, we deaded to remove the prostate While 


being prepared for operation the patient died A careful 
necropsy did not disclose anj speaal cause for death I do 
not believe that scopolamine, which I allowed the intern to 
administer for the successful control of the parkinsonian tremor, 
was responsible for the death Had this patient been operated 
on, I am sure that death would have bwn attnbuted to the 
surgerv The other patient had the largest prostate I have 
ever seen He had complete retention, low function and a heart 
so bad that the cardiologist reported his condition as utterlj 
hopeless By catheter drainage the patient improved so much 
that he was able to return to his work as a butcher Under 
observation he did so well that we began to contemplate pros 
tatectomy One afternoon he complained of a severe pain m his 
thigh He was admitted to the medical service of the hospital 
Shortlj afterward, he developed a swelling of the right ankle 
which was incised and found to contain pus Blood culture 
showed the presence of colon bacilli At necropsj a large right 
sided psoas abscess was found, which on further search was 
traced to a small intraprostatic one. At the 1928 meeting of 
the western branch of the American Urological Association, 
the discussion of postoperative enemas almost convinced me 
that there was no accompanying danger Recently a death due 
to embolus following an enema was reported bv C P Henrj 
For this reason I have again forbidden the use of enemas A 
good clue to the patient s progress, preoperative or postopera 
tive, IS the condition of the tongue, which should be watched 
closely Van mg degrees of domess, and thickness of the 
coating, changing from white to jellovv and finallj to brown, 
give a close index of the patient’s status Noted early enough 
it can frcquentlj be relieved by forcing fluids through any 
channel available 

Dr. Bransford Lew'is St Louis In my desire to fortifj 
against hemorrhage in connection with prostatectomy about five 
or SIX jears ago, I thought it would be well to anticipate 
hemorrhage bj giving one of the blood-clotting agents, but I 
had the misfortune to have a bad result The onlj time I 
ever had emboli form in prostatic surgeo was then I had 
three cases within a few dajs Two of the patients died and 
the third had a paralj-tic condition of the left arm I stopped 
using these agents and have had no emboli since A little 
point that to me has seemed helpful is that when we have the 
internist examine the heart which we do preliminarj to anj 
prostatic work, and he sajs there is no objection to operating, 
we give digitalis for two or three dajs I have had reason 
to regret not giving it in some cases, and I deem it a valuable 
adjunct to the preoperative care 

Dr Alexander H Peacock, Seattle We are indeed 
indebted to Dr Plajer for calling our attention again to the 
chronic infection of the seminal vesicles I feel that these 
chronic vesicle infections account for most of the cases of 
epididjmitis and also for many cases m which the urinarj 
infection does not clear up after prostatectomy 


Single SjTiiptoms and Faulty Diagnosis—With the 
unwarj and me.xpenenced the significance of a single symptom 
maj be overstressed and lead to a faultj or incomplete diag¬ 
nosis Palpitation of an abnormal pulse caused by indigestion 
or excessive smoking maj suggest heart disease and lead to the 
inappropriate prescription of digitalis Diarrhea maj be a 
simple matter jieldmg readily to a chalk and opium mixture 
but, on the other hand the looseness maj be due to irritation 
of the bowel from the presence of scybala, the fluid motion 
being Natures effort to wash them aw'ay Treatment m such 
a case is bj la,xatives and enemas rather than bj astringents 
Again this sjauptom maj occur m cancer of the rectum I 
have met with two such cases within a month, m one of which 

_a cardiac patient—there was occasional bleeding wronglv 

attributed to piles Digital examination revealed cancer of 
the rectum in both On one occasion when several visitors 
accompanied me around the wards m hospital, one of the patients 
had in addition to other symptoms, dilatation of the left pupil 
Cerebral thrombosis was among manj explanations suggested, 
but, as a matter of fact the right eje was an artificial one and 
the left pupil dilated in response to the darkness of a November 
fog'—Chapman, C W Pitfalls m General Practice, Proc 
tUwncr October, 1929 
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A CLASSIFICATION OF CHRONIC 
IDIOPATHIC SECONDARY 
ANEMIA 

WITH ESPECIAL REFERENCE TO THE MORPHOLOGY 
or THE BLOOD * 

CHARLES H WATKINS, MD 

EOCHESTFJl, MIAN 

Chronic secondary anemia may be divided into three 
general groups a type due to hemorrhage, a type due 
to some organic lesion and, after all known causes of 
anemia ha\e been excluded, a type which it has been 
necessary to classify as idiopathic secondary anemia 
The last-named type has been difficult to treat in com¬ 
parison with the first tavo types, which respond as a 
rule following remoral of the causatne factor 

Because of difficulty in the treatment of the forms of 
idiopathic secondary anemia, it seemed that a study 
of the morphologi' of tlie blood in these cases might 
throw some light on the condition of the hematopoietic 
organs, and thus might enable treatment to be directed 
toward restoring normal hematopoietic function 

Before discussing the morphologic blood picture in 
idiopathic secondary anemia it is well to list the more 
characteristic features of regeneration and degeneration 
of the blood that appear in idiopathic secondary anemia 
The chief features of regeneration are (1) amsocy- 
tosis, \Tination in the size of erythrocytes, with a liberal 
number of macrocites, (2) polyxhromatophiha, in 
which the basophilic spongioplasm has not been 
entirely replaced by hemoglobin, depending on the 
degree of the regeneration, (3) reticulocytes, immature 
erythrocytes in which the basophilic spongioplasm, not 
yet replaced by hemoglobin, is stained by a ntal dye, 
(4) normoblasts, nucleated erythrocytes of the defini¬ 
tive senes, and (5) multiple Howell-Jollv bodies pink- 
staining rounded bodies in the erythrocytes, represent¬ 
ing the remains of the parachromatm of the nucleus 
after the chromatin has been dissoUed m or extruded 
from the cell 

Besides these features of regeneration, the myeloid 
leukocytes show a tendency toward decrease in lobula¬ 
tion with less condensation of chromatin, the so-called 
shift to the left 

The outstanding features of normal degeneration are 
(1) aiiisocytosis, variation in the size of en'throcytes 
with a high proportion of microcytes, (2) hyixichro- 
masia, decrease in hemoglobin in the er\throca tes so 
that the cell is uniformly pale, and (3) anochromasia, 
piling up of the hemoglobin in a narrow nng around 
tlie peripheral portion of the cell, leaving a wade, color¬ 
less central zone Besides these features of degenera¬ 
tion there is a tendency toward a shift to the right 
of the nweloid leukoevtes, an increase in the number of 
lobules ot the nucleus, with moderate condensation of 
the chromatin In this connection, the morphologx of 
the “toxic neutrophil ’ and the “pernicious anemia 
neutrophil” should be differentiated The toxic neu¬ 
trophil shows a shift to the left aieraging two distinct 
lobes, although the indnidual lobes maa be serrated, 
giaing a multilobed appearance As a nile there are 
heaaa knobhke projections on the lobes and one lobe 
IS larger than the other The neutrophilic granulation 

• From the Dwuion o{ Medicine the Mayo Qinic 

* Section on Pharmacology and Therapeutics at tbc 
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Ore July 11 I 929 


IS more deeply staining and the induadual granules are 
larger than normal The toxic monocyte has a sharp 
indentation in the nucleus, with condensation of the 
chromatin, and a coarse, heavy, azurophilic granula¬ 
tion The “pernicious anemia neutrophil,” on the con¬ 
trary', is shifted to the right, having an aierage of more 
than fii e lobes m the nucleus, the lobes are thinner and 
smaller tlian normal and there is distinct stranding 
betiveen individual lobes The cell is generally larger 
than the normal cell 

Chronic idiopathic secondary anemia may be sub¬ 
divided into four general types according to the morpho¬ 
logic blood picture 

The first ty'pe usually occurs in young persons, and 
pnmanly in females The proportion of hemoglobin 
IS moderately reduced, averaging approximately 50 
to 55 per cent, the number of erythrocydes is slightly 
reduced, averaging about 4,000,000 in each cubic milli¬ 
meter, and giving a color index of 0 5 to 0 6 The 
reticulocytes are generally' normal or slightly increased 
in number Morphologically, the erythrocytes are 
diaractenzed by marked anochromasia, moderate aniso- 
cytosis, slight hi pochromasia, slight polychromatophilia 
and practically no other change The marked anochro¬ 
masia IS the outstanding feature of the blood The 
leukocy'tes are essentially normal Because of the 
similanty of the blood picture to chlorosis this has 
been termed the chlorotic tvpe It has been assumed 
that this type of anemia is due to dietary deficiency, 
to poor hygienic conditions or to a combination of 
the two Rapid improvement in these cases has been 
obtained by the use of a well balanced diet, iron m 
therapeutic doses, fresh air and sunshine 

The second type of secondary anemia is charactenzed 
by a proportionate reduction in the hemoglobin and the 
erythroevte count, so that the color index is approxi¬ 
mately 1 The number of reticulocy'tes is decreased 
or they are absent entirely, and the leukocyte count is 
slightly reduced A characteristic of the erythrocytes, 
for the most part, is normochromasia, but there is 
usually associated slight anochromasia, moderate aniso- 
cy'tosis without macrocytosis or polvchromatophilia 
The morphology of the granular leukocytes is probably 
the most characteristic feature The neutrophils are 
slightly decreased m size There is increased lobula¬ 
tion of the nucleus, the majority of the cells have a 
nucleus of four or five lobes The lobes are of normal 
contour, without thinning or stranding, and the granules 
are pale and irregnlarly distnbuted in the cy'toplasm It 
IS important not to confuse this cell with the pernicious 
anemia neutrophil The monocy tes show a tendency 
toward lobulaUon of the nucleus, so that most of these 
cells contain a saddle-shaped nucleus The azurophilic 
granulation is heavier, as a nile, than m the normal 
monocyte The other leukocytes are essentially normal 
There is generally slight relative lymphocytosis The 
blood picture, as a whole, would be described as “aged,” 
and It is evident that there is a decrease in actinty of 
the bone marrow, probably a predisposition on the part 
of the patient to disfunction of the bone marrow 
Because of this, it has been termed the semiaplastic 
tvpe of secondary anemia Certain toxic and infectious 
processes often produce a similar type of anemia, which 
mav be identified readily bv the toxic changes in the 
neutrophils and monocytes 

The treatment is directed toward stimulation of 
activitv of the bone marrow This may be accomjihshed 
bv various methods transfusion, intramuscular injec- 
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tioiis of whole blood/ or the use of an experimental 
extract of bone marrow with which I have had very 
good results In man}' instances it will be found 
that the increase in erjthrocites is more rapid than the 
increase in hemoglobin, so that the color index, which 
was approxiniatelv 1 , is converted to an index of less 
than 1 Because of this, a diet high in iron should be 
included in the treatment 

The third tipe of chronic secondar}' anemia occurs 
chiefl} in u omen between the ages of 30 and 50 As a 
rule, it IS insidious in onset By the time the patient 
seeks adiice, the condition usually has been present 
for seieral lears, even as long as ten or fifteen years, 
and has failed to respond to the usual treatment of 
secondari anemia There ma> or may not be associ¬ 
ated achlorhjdria The clinical syndrome has long 
been recognized by the ph 3 ^sician, and it often has been 
considered as being indicatue of an early stage of per- 
niaous anemia Ho\\e^er, during the obsen'ation of 
many of these cases over long penods of time, there 
has been no change to pernicious anemia The condi¬ 
tion of tlie blood IS usually characteristic The pro¬ 
portion of hemoglobin is reduced, averaging from 45 
to 50 per cent, uhereas tbe erythrocyte count remains 
relatively high The number of reticuloc 3 ^es usually 
IS slightly increased, and the leukoc 3 'te count is normal 
Morphologicall 3 , the outstanding cliaractenshc of the 
blood picture is the marked 113 pochromasia of the 
erythrocvtes, the cells having a pale, washed-out appear¬ 
ance There is also slight anochromasia of some of the 
eiy'throcvtes, and slight P 0 I 3 chromatophiha The leuko- 
C 3 l;es are essentially normal morphologically In this 
t 3 pe, the function of the bone marrow appears to be 
normal, the disfunction apparently is in the synthe¬ 
sis of hemoglobin, consequently it has been called the 
hemoglobin d 3 sfunction type Because of the dysfunc- 
tion it ^^as assumed that the fetal Iner of calves, 
obtained at the time of the greatest hematopoietic 
function of the liver, might contain a substance that 
Mould stimulate synthesis of hemoglobin = A powder 
ivas made from fetal livers and was used, in a dosage 
corresponding to 300 Gni of the raw fetal liver a day, 
in the treatment of this type of anemia There was 
marked response to its use in practically all of the cases 
In those in which toxic neutrophils and toxic monocytes 
ha^e been found, there is practically no response until 
the causatii e factors have been ehminated Apparent^, 
after the hemoglobin has increased to its normal lalue. 
It has a tendency to remain at that level u'lthout 
further treatment, at least for an appreaable period 


The fourth t 3 T)e of secondary anemia has been found 
onl 3 in 30 ung persons whose parents or other near 
relatiies haie had pernicious anemn The ei^thro- 
c\-te count is slightl 3 reduced and the hemoglobin is 
moderate^ reduced, so that the color index is less than 
1 There is moderate hypochromasia and moderate 
anocliromasia of ei^dhrocytes There is generalb slight 
anisocytosis MUth but slight macroci-tosis The most 
characteristic feature of the blood picture is the 
morpholog 3 ' of the neutrophils The number of lobes 
of the neutrophilic nucleus is increased, averaging from 
fi^e to seien, and there is a tendency toward definite 
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thinning and stranding of the individual lobes, as in the 
true pernicious anemia neutrophil Because of the 
familial history of pernicious anemia, and since 
the pernicious anemia neutrophil ivas found in the blood, 
this has been called the potential pernicious anemia 
t 3 pe of secondary anemia and small amounts of raw 
liver or liver extract were given to these patients An 
exceedingly rapid increase in hemoglobin and er 3 'thro- 
cytes occurred, so that in a penod of approximately ten 
days tlie blood count had returned to normal 

SUMMARY 

The so-called idiopathic tj'pes of secondar 3 " anemia 
have been divided into four general groups Although 
the majority of such types of anemia will fall into one 
of these groups, the vanous blood pictures may be 
seen in varying degree and combinations in all t 3 'pes 
of secondary anemia, and only certain of them may be 
definitely classified A large senes of cases has been 
studied This paper is presented as an outline of the 
subject It IS probable Aat with further studj a more 
inclusive classification may be made 


ABSTRACT OF DISCUSSION 
Dr. C B Wright, Minneapolis After seeing Dr Watkins’ 
work and being helped by his suggestions in obscure cases, I 
became interested and put him to the following test I selected 
cases of benign anemia well known to me, in all of which I 
had tried the routine therapy of iron, heliotherapj, a diet of 
hver, and so on, without succeeding in getting the blood quite 
up to normal or in preventing rather rapid and unexplainable 
drops I submitted blood slides of these persons to Dr Watkins 
without any clinical report, and then treated them according to 
his recommendation The two cases which I treated with fetal 
hver were of long standing Following treatment, the hemo¬ 
globin rose to a normal level and remained there even several 
months after discontinuance of the treatment In two cases of 
a mildly aplastic tjpe, treated with bone marrow and spleen 
e-xtract the results were equallj satisfactory, and in one case 
of a pseudopernicious type, a patient whose brother had died 
of perniaous anemia, and whose neutrophils showed pernicious 
anemia characteristics according to Watkins, associated with 
a high color index but normal gastric acidity, the blood count 
promptly mcreased on calFs liver extracts It has been observed 
before that some cases of secondary anemia would respond to 
liver extracts, but only the exceptional cases The results cer¬ 
tainly were of interest Dr Watkins does not think for a 
moment, I am sure, tliat he has said the last word in this field 
IVhether his future work may undergo modification or not, there 
IS no question m my rmnd that the time has come when reports 
of blood technicians should not be considered sufficient Obscure 
cases of anemia demand the study of highly trained blood 
morphologists working wuth the very best microscopes 

Dr H B Sweetser, Jr , Minneapolis Is there any con 
nection between the work we heard about this morning, wntli 
copper and iron, and this kind of anemia’ Also, how does 
one get fetal liver? We have a patient in our office whose 
condition is similar to one of these types, and we have tried 
to get some fetal liver but have failed 

Dr Rudolph C Logefeil, Minneapolis The average 
clinician even the internist, does not pay much attention to 
secondary anemia other than to determine that the patient has 
a reduction m the red cell count and hemoglobin and to dis¬ 
tinguish whether or not he is dealing witli primary or secondary 
anemia That is usually as far as it is carried If it is a 
primary anemia, the usual Minot-Murphv treatment is insti 
tuted while if it is secondao, effort is made to determine the 
cause, if possible, which should always be done, and then the 
usual’ diet with iron is given One of the most important 
things Dr Watkins has brought out, other than his classifica 
tion and method by which we can separate these secondary 
anemias, arc his suggestions as to treatment He has showm 
that something can be accomplished along this line, and it ought 
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to stimulate each o£ us to make a more careful study and 
classification of secondar> anemias and of the results from his 
suggested treatment. Since hearing his first talk I ha\e had 
a great deal more interest in secondary anemia, and instead of 
depending on the reports of laboratories I ha\e taken the time 
to use the microscope mj self and to trj to study some of these 
secondary anemias It has been a source of great pleasure and 
has resulted m increased success in treating this common con¬ 
dition I feel that Dr Watkins should be complimented on 
his work and I hope he continues his stuies along this line 
Dr. C H Watkins, Rochester, klmn In reply to 
Dr Sweetser’s question regarding tlie use of copper and iron 
in secondary anemia, it is probable that those tj-pes of anemia 
which respond to copper and iron fall into the first group, the 
chlorotic tjpe of secondao anemia No amljsis has been made 
as jet of the i-arious elements of the fetal liier, and so I am 
not able to state at this time the amounts of copper and iron 
in It The fact that the ti-pes of anemia in which the tetal 
Iner was first used had not preiiously responded to the usual 
forms of treatment of secondari anemia leads to the assump¬ 
tion that there must be some other substance in the liier which 
brings about the response As the use of the fetal liier is 
still experimental, we are making it at the Majo Omic m 
limited quantities 


ARGYROSIS OF THE CONJUNCTIVA 

ITS SUCCESSFUL TREATMENT * 


M F WEYMANN, MD 

LOS ANGELES 


Argyrosis ol the conjunctiva is not an uncommon 
condition and usually follows prolonged local medica¬ 
tion with silver nitrate or colloidal silver compounds, 
pnnapally mild silver protein Up to the present tune 
there has been no successful method of removing the 
objectionable color which is present in argyrosis of the 
conjunctiva 

In conjunctival argyuosis there is a preapitate of 
silver albuminate and of silver oxide in the subcon¬ 
junctival tissue Fuchs^ shows that the epithelium is 
unaffected but that tl e elastic fibers appear to contain 
brown punctate granules and there are a few extra- 
fibnllar granules He states that the silver is present 
as an organic compound Gettler, Rhoads and Weiss" 
desenbe the silver particles in the skin as being found 
in the elastic fibers and the collagen fibers but none are 
intracellular It would seem that as the conjunctiva 
IS exposed to light, m the same manner as is a photo¬ 
graphic plate some of the silver might exist as metallic 
silver Itself 


The presence in the tissue of these silver granules 
does not cause a reaction and is obnoxious only because 
of the gmv brow n color of the conjunctiva, particularly 
of the bulbar conjunctiva Most of the severe cases of 
argjTosis I have seen have been caused bv prolonged 
instillation of mild silver protein probably because this 
heavy fluid tends to remain in the conjunctival sac for 
a long penod of time and is slowly absorbed 

Recently Stillians and Law less ® hav e attempted to 
remove the pigmentation in argywosis of the skin wath 
some success They hav e tned a reducing solution used 
in photographv for reduang ov'erexposed and over- 
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developed plates and films The usual photographic 
reduang solubon, consisting of sodium thiosulphate and 
potassium ferncyamde, contains about one part of the 
latter to thirty-six parts of the former But in their 
case they wanted as rapid a reduebon as possible, so 
they finally used a solubon consishng of equal parts 
of 12 per cent sodium tliiosulphate solubon and 2 per 
cent potassium ferncyamde solubon They tested the 
toxiaty of ferncyamde on rabbits and found that one 
twenty-five thousandth of the body weight given intra¬ 
venously did not cause any symptoms Thus the 
average person weighing 160 pounds (73 Kg) could 
stand at least 2 Gm intravenously without danger As 
the drug is rapidly oxidized in the lungs, the danger is 
lessened when absorpfaon is slow as in intradermal or 
subconjunctival injection 

Sbllians and Lawless found that they were able to 
remove the pigment of argywosis m the skin by intra- 
dermal injecbon of the solubon mentioned, but that 
the bleaching occurred directly only at the site at w’hich 
the solubon was injected Tins made the treatment of 
large areas very difficult, but possible 

To test tlie reducing pow’er of their solubon, I applied 
It to an exposed and developed photograpluc plate The 
12 per cent thiosulphate solubon alone had a slight 
reduang effect in two minutes, the 2 per cent fern- 
cyanide had more of an effect, but the combmabon of 
equal parts of the two had a very marked action in 
dissolving the silver film on the plate On the plate a 
solubon of two parts of the fernevamde to one of the 
thiosulphate had about the same effect as the solution 
contaimng equal parts, although climcally I obtained a 



Fig 1 —A untreated eye B left eye after treatment. 


more marked effect wnth the latter solubon Sodium 
tliiosulphate instillabons in the treatment of argyrosis 
have been suggested by Zur Nedden, but in two cases 
reported by Terlmck,* m which this method was used, 
very httle removal of pigment was found Sbllians 
and Lawless tned both sodium thiosulphate and 
methenamine intravenously m their case of skm argy¬ 
rosis wnthout result As they had shown tliat the 
thiosulphate-femcvanide mixture caused little irntabon 
w'hen mjerted into the skin, I determined to try it on 
a pabent with conjunctival argynosis 

REPORT or CASE 

A man, aged 41, had been instilling mild silver protein into 
both ejes dailj for three jears It tvas first prescribed for a 
conjuncUvitis, but as be found that it passed through the tear 
duct into his nose and thought that it made his attacks of corj'za 
less frequent, he had continued to use it after the conjunctivitis 
subsided I saw him first on Dec 20, 1928, and at that bme 
neither irritation nor simptoms due to the argjrosis was noted, 
but the color of the bulbar conjunctiva gave his ejes an unpleas¬ 
ant appearance. Examination showed a marked brownish graj 
pigmentation of the plical bulbar and palpebral conjunctna of 
both eves The staining was more intense in the loner portion, 
as IS usual The bvo eves were about equally affected 

4 TerlmcL Ophthalmic Tear Book 1909 
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It was decided to try the solution on only one eye and to 
compare it with the other eye for results Instillation of the 
mixture did not cause anj irritation or loss of pigment, there¬ 
fore, as a trial, on Jan 17, 1929, 4 mmims (0.24 cc.) of a 
mixture of equal parts of a 12 per cent sodium thiosulphate 
and a 2 per cent potassium ferricjanide solution was injected 
just under the conjuncbva of the lower fomix, for there a 
slough would have done little harm An immediate lightening 
of pigment around the needle point was noted At the time 
of the injection there was considerable stinging pain, which 
lasted from one-half to one hour The next day there was 
very little reaction, and after three or four dajs one could note 
the markedly lessened pigment in the area mjected A stainless 
steel needle was used but the solution corroded it, so that it left 
n mark as a tattoo needle would have done A platinum needle 
as advised by Stilhans and Lawless was used for further mjec- 
tions Anesthesia with 5 per cent cocaine was used, and when 
the plica was infiltrated, cocaine powder was dusted over the 
point of injection Epmephrme was instilled before mjection 
to slow down absorption 

January 18, several injections of from 2 to 3 minims (0 12 to 
0 18 cc ) each were made in the lower fomix and plical regions, 
the same solution being used There was mark^ cleanng at 
the points injected and very little reaction As the solution 
seemed so little irritating, I tried a subconjunctival injection 
of 10 rmnims (0 6 cc ) of a solution of two parts of 2 per cent 
potassium femcyanide and one part of 12 per cent sodium 
thiosulphate m the lower bulbar conjunctiva, January 24 The 
solution was mjected just beneath the conjunctiva and the point 
of the needle w'as moved around so that the fresh solution from 
the syrmge would come mto contact with the entire area This 
was found to be quite important, as the solubon has little effect 
on the granules if it has diffused through much tissue to reach 
them The solution must also be used as soon as the two are 
mixed, for the mixture is unstable The pain at the time of 
this injecbon was rather severe, but the use of infiltrabon 
anesthesia was found by Stilhans and Lawless to lessen the 
effect of the injections There was less reaction than one 
would get from a subconjuncbval injecbon of the same amount 
of 5 per cent saline solubon By the ne.xt day the eje had 
become almost quiet and there had not been any pam one hour 
after injection 

February 6, the plica was injected with 10 rmniras of the 
two to one mixture The reaction was again very slight This 
injection so cleared the visible part of the conjunctn'a that it 
was deemed inadvisable, because of the pain, to try to clear the 
palpebral conjuncbva The cosmebc effect obtained was sufK- 
cienb I am not sure that the tarsal conjunctiva could be 
mjected because of its close adherence to the tarsus 



Fiff 2 —A untreated eye B left eye after treatment* 


Februarj 11, five days after the last injection photographs 
reproduced m the accompanjung illustrabons were made One 
can see that the reaction has completely disappeared from the 
plical injection m figure 2 B as there is no hypererma There 
are still some traces of pigment m the plica but not enough to 
be conspicuous 

COMMENT 

Figures 1, 2 and 3 A show the untreated nght eye, 
and B the treated left eye in approximately the same 
positions The photographs were all made with one- 
half second exposure in the same hght The differ¬ 
ence in figure 3 between A and B is most marked, as 
the pigment was most abundant in the lower portion 
of the conjunctiva 


The second eye is now being treated, and I am pre¬ 
senting this single case, for it proves beyond doubt tliat 
this method, while not perfect m its results, offers the 
first opportunity to remove silver deposits from the 
bulbar conjunctiva thoroughly enough to give a good 
cosmetic result The thoroughness of removal depends 
on the wilhngness of the patient to stand tlie pain and 
discomfort of repeated injections It has been sug¬ 
gested that morphine, or morphine and scopol^ine, 
might be used in sensitive patients before injection 
The chemical action of these solutions is not clear, 
but M E H Volwiler stated that it was hkely that 



the silver was first converted into silver ferncj'anide 
and then into sulphide by the thiosulphate The excre¬ 
tion IS then earned out just as thiosulphate removes 
mercury from the system The exact action is not 
clear, but the clinical results are good 

TECHNIC 

The most satisfactory technic may be given clearly 
in bnef Using stenle water and stenle bottles, one 
should first m^e a 12 per cent solution of sodium 
thiosulphate and a 2 per cent solution of potassium 
femcyanide, not ferrocyamde The solutions are not 
further stenhzed The conjunctiva is cocainized with 
a 5 per cent solution, and epinephnne is instilled Two 
parts of femcyanide solution are mixed with one part 
of thiosulphate solution, and from 10 to 15 minims 
(0 6 to 0 9 cc ) is drawn into a 2 cc synnge wuth a 
number 26 platinum needle The solution is injected 
as superficiily as possible under the pigmented con¬ 
junctiva, the needle point being moved to as many 
different areas as possible while the fluid is being 
injected After withdraw^ of the needle, the bleb 
should be massaged thoroughly through closed hds 
The injections are repeated wherever the pigment is 
most dense In areas in which two injections over¬ 
lapped, there was some further cleanng on the second 
injection 

I wish to emphasize again the danger of argjTOsis 
from the prolonged use of mild silver protein and the 
colloidal silver solutions 
2007 Wilshire Boulevard 


ABSTRACT OF DISCUSSION 
Dr. W D Horner, San Francisco The laitj and, to a 
lesser extent, the comer druggist have three sterling remedies 
for the treatment of any eye disorder, namely, bone aad, mild 
silver protein and ointment of yellow mercuric oxide Bone 
acid and jellovv mercunc oxide are not harmful to the eye 
save that their use may preclude a projier diagnosis of the dis¬ 
order, thereby Wfasting valuable time and possibly jeopardizing 
the eje The whole series of silver protein prejiarations must, 
however be used with some caution Two cases of generalized 
argyrosis due to the prolonged use of silver protein as nasal 
drops were recently reported. The drops had been prescribed 
by the pediatrician for corjza but the mother continued to 
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use them long after the acute condition was cured in the hope 
of warding off future colds Generaliaed argyrosis was the 
result 

One of my colleagues tn San Francisco recently told me of a 
case of permanent staining of the cornea which resulted from 
prolonged application of silver protein to an extensile comeal 
abrasion. Argyrosis of the conjunctiva is commonly encoun¬ 
tered In our experience the majority of these cases have 
occurred m chrome tear sac infections in which the pabent 
endeavored to clear up the purulent discharge and the accom¬ 
panying conjunctivitis by long continued applications of silver 
protein 

I think that general practiUoners and pediatriaans are much 
too careless in the frequency with which they prescribe silver 
compounds Known to the laity as perfectly harmless prepara¬ 
tions, experience has shown that they are not harmless There 
are probably few medicine chests in this country which do not 
contam a bottle of mild silver protein, more or less ancient, 
from which copious and reckless applications are made to eyes, 
noses and throats as occasion anses 


EMPHYSEil.rA SIMULATING CARDIAC 
DECOMPENSATION * 


WILLIAM B KOUNTZ, MD 
H L ALEXANDER, MD 

AXD 

DONALD DOWELL, MD 

ST lOUIS 


Most of the modem textbooks of medicine state that 
emphysema leads to heart failure This is presumed 
to be due to stretching and later, as the lungs distend, 
to rupture of the pulmonary capillaries in the alveolar 
walls It is thought that the reduction m the vascular 
bed thereby throws on the right side of the heart an 
extra load which leads to hypertrophy and dilatation 
and subsequent nght-sided heart failure With this 
reasoning, the dyspnea, cyanosis and dependent edema 
so often seen with advanced emphysema are explained 
as the results of cardiac decompensation Hoover,^ 
however, found little evidence of pure rightsided 
failure He believed that both the nght and left ventri¬ 
cles are affected and attributed their failure to the 
effects of anoxemia on the heart muscle 

Alexander, Luten and Kountz ' reported fifty cases 
of long standing bronchial astlima, most of which were 
complicated by pronounced emphysema In tins senes, 
direct evidence of injury to the heart was singularly 
lacking 

In order to determine whether the heart is injured as 
a result of emphysema, the study reported here was 
undertaken 

Sixtj'-six patients with advanced emphysema were 
examined The underlying causes were varied and 
included bronchial astlima, chronic bronchitis, tracheal 
compression by tumor and thoracic enlargement with 
Paget’s disease The routine examination of all 
patients included a history with particular emphasis on 
cardiac symptoms, physical examination, an electro¬ 
cardiogram, a 6 foot roentgenogram of the chest, 
measurement of vital capacity, determinations of arterial 
and venous blood pressure and, m eighteen cases, an 
evaluation of the degree of oxygen unsaturabon in 
arterial blood 


Internal Medicine Washington Unive 
Medical School CilT Hosnital and Ilamcj Honntal 
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Of the sixtyt-six patients, fifty'-eight had cyanosis and 
dyspnea on exertion In eighteen, edema was also 
present and the clinical picture of cardiac decompensa¬ 
tion seemed complete Twenty-one other patients gave 
a history of edema which was, however, not observed 
while they were m the clinic Thirty-mne cases (59 per 
cent), therefore, either showed a dependent edema or 
gave a history that it had been present All of them at 
one time or another had been treated for heart trouble 

It was frequently noted that the dyspnea, cyanosis 
and edema became decidedly worse when there were 
acute exacerbations of the underlying pulmonary dis¬ 
orders Tins occurred, for instance, m bronchitis with 
continued cough or in bronchial asthma after a patient 
liad had a senes of astlimatic attacks As these symp¬ 
toms improved, so also did the dyspnea, cyanosis and 
edema The edema was always dependent and rarely 
extended above the knee. 

The degree of emphysema, as measured by the vital 
capacity of the lungs, was considerable in all cases, and 
in some was less 
than 50 per cent of 
the patient’s esti¬ 
mated normal De¬ 
spite this, there 
were surpnsingly 
few laboratory 
observations that 
pointed to heart 
trouble These 
were as follows 

In five instances 
the electrocardio¬ 
gram showed right 
ventricular predom¬ 
inance In two of 
these cases which 
came to autopsy, no 
cardiac enlargement 
was found The 
heart was displaced 
to the right in one 
by adhesions and m 
the other by a chest 
deformity There 
was a generalized 
enlargement of the , , . , , , 

1 j ^*8 1—Lateral view of chesL showinc 

C3r(lI3C Sn3u0^\ in marLed deformity from emphysema j 

the 6 foot roent¬ 
genograms of eight patients One of these came 
to autopsy Both the nght and left ventncles were 
found hypertrophied and dilated In this case there was 
some arteriosclerosis which included the coronary 
artenes The heart muscle showed some fibrosis but 
no other microscopic pathologic condition Two other 
patients with enlarged hearts had syphilis, but without 
aortic insufficiency' Two had definite arterial h^'per- 
tension It is noteworthy that m the entire senes only 
tliese two patients had blood pressures above the normal 
range 

In most cases there was an elevation of penpheral 
venous pressure which ordinanly seemed roughly pro¬ 
portionate to the degree of bronchial obstruction It 
would nse markedly dunng asthmatic attacks or during 
paroxysms of cough On the other hand, m Paget’s 
disease and m spinal arthntis, m which the pnmary' 
difficulty was in the bones, normal venous pres¬ 
sures w'ere obtained even though thoracic expansion 
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■was extreme under these conditions Here the lungs 
“followed” the thoracic defonnit} and were not the 
cause of it This important relationship is discussed 
later 

The degree of oxygen unsaturation m the arterial 
blood was determined m eighteen cases It varied from 
normal to 40 per cent unsaturation, depending largely 
on the clinical s}mptoms at the time the blood was taken 
During an exacerbation of bronchitis or asthmatic 
paroxysms the oxygen content of the arterial blood 
would drop, only to rise again as the patient improved 
In extreme emphysema it remained consistently low 

Nine of the sixty-six cases came to autopsy and a 
detailed study of the heart m each instance was made 
Although the total heart weights varied the normal 
ratio of right ventricular weight to left ventricular 



Fig 2 —Same patient showing dependent edema 


weight Mas maintained in all instances In one case 
m Mhich It approached the upper limit of normal, there 
■nas sclerosis of the pulmonary artery In another, 
there Mas In-pertrophy and dilatation of both nght and 
left ventncles, Mith fibrosis of the heart muscle as has 
been mentioned In the remaining eight cases there m as 
no evidence either of nght or of left ventncular dilata¬ 
tion or Inpiertrophy or of excessive fibrosis The Sudan 
III stain did not reveal any fat 

In all cases the lungs shoMed emphysema, more 
marked at the apexes and lung margins Mdiere huge 
emph} sematous blebs often occurred beneath the pleural 
surface IMicroscopicalh, the ksions Mere charac- 
tenstic 

Since m eight cases that came to autops^ there M’as 
no ewdence of cardiac impairment, it Mas necessan to 
explam the dispnea ci-anosis and edema in some other 


Jour A M a 
Ao\ 2 1929 

tyay The dyspnea and cyanosis could be attributed to 
the lowered vital capacity, Mbich resulted m a reduced 
oxygen content of the artenal blood The edema Mas 
asenbed to two factors increased peripheral venous 
pressure and anoxemia 

Although high venous pressures occur in heart 
failure, some other mechanism must be assumed to 
account for its occurrence m these fatal cases of 
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Fig 1—Cur\cs showing the nse of the venous and interpleural pre^ 
^ures in i dog with a ball \aJ\e in the trachea The pressures were 
taken simultaneously twice a week AEeasareraents arc in cubic cent! 
meters of water Solid line \cnous prcjsurc broken Iine» interpleural 
pressure 

emphysema The problem Mas studied by inducing 
emphjsema in dogs by means of an adjustable ball 
aalve m the trachea “ In this way, an extensive 
emphjsema may be produced ivithin a few M'eeks In 
a series of sixteen dogs so treated, simultaneous 
determinations of intrapleural and peripheral venous 
pressures M-ere made at mten’als for several weeks It 
Mas found that, as emphysema developed, the intra¬ 
pleural pressure rose This M'as followed by a nse in 
peripheral venous pressure The curves of intrapleural 
and venous pressure roiigbh paralleled each other 

(fig 3) 



Yig 4 —Curve of the venous and the interpleural pressures of a dog 
with a ball vaKe in the trachea The pressures v-ere taken twice a week 
and were measured m cubic centimeters of water A slow but gradual 
nse of the ^e^ou^ pressure occurred until the end of the sixth week« when 
It increased out of proportion to the interpleural pressure. The anim^ 
at the time developed a marked air hunger The oxygen content of the 
artenal blood ^vas found to be reduced 40 per cent below normal Solid 
line venous pressure broken line interpleural pressure 

As the floM of venous blood to the nght side of the 
heart depends, in part, on the negative pressure wtlim 

3 Hams M' H and Chillingworth F P J Etjxrr Med 30 75 
(JuW 1919 
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tlie tliorax, any meclnnism that lessens this negabve 
pressure tends to block the venous return The 
obstructed venous flow is thereby reflected in an 
increased peripheral venous pressure Carrying this 
further, it is conceivable that the right side of the heart, 
instead of being overfilled in emphysema, actually 
recenes less blood than normally and thus does not 
hypertrophy from overwork This suggestion does not 
take into consideration the possibility of obstruction in 
the pulmonary system, but at present there is very little 
accurate knowledge concerning the flow of blood 
through the lungs in emphysema It is intcresUng, 
however, that Blumgart and Weiss ‘ have shown that 
there is obstruction only in the more advanced cases 
It rvas noted dunng the course of these expenments 
that, when an animal developed so much emphvsema 
that he became dyspneic on ven^ mild exertion, the 


with arteriosclerotic heart disease are apt to have 
emphysema also In these cases the cardiac symptoms 
are die prominent ones and the emphysema is usually 
not extreme. The cases that compnse the senes reported 
here are selective in that this is a study of adranced 
emphysema Consequent!}, the most pronounced cases 
were chosen and these had a definite etiology^ ascrib- 
able either to a bronchial lesion or to one of the 
chest uall As a consequence, the moderate emph} sema 
coincident with senile heart conditions did not naturally 
fall into this group There is no reason to believe 
that the heart failure m such cases is attnbutable to the 
associated emphysema 

Moreover, no implication is made here that marked 
emphysema prevents heart failure One case appears m 
this senes Hoover noted sereral Harkavy'' reported 
one and others have been described ® It is noteworthy. 
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/cnous pressure would then rise out of all proportion 
to the intrapleural pressure (fig 4) Under these cir¬ 
cumstances, the degree of ox\gen saturation of the 
nrtenal blood ivas always found to be reduced below 
70 per cent of the normal 

Although no gross edema occurred m the expen- 
inenta! animals, it is notew orthv that both Krogh and 
Landis " found an increase of blood capillary^ pressure 
in anoxemia Landis believed this condition could lead 
to a passage of fluid through the capillaries into the 
tissues 


COUllEXT 

Seicral cases of adianced emphysema were found in 
which penpheral signs of cardiac decompensation 
appeared without demonstrable heart lesions This bv 
no means implies that emphysema and heart failure do 
not coexist for it is common experience that patients 
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however, that in these cases of failure both the nght 
and left ventricles were hypertrophied This implies 
some mechanism other than reduction of the pulmonary 
vascular bed Tiie suggestion made by Hoover of a 
prolonged anoxemia of the heart muscle seems plausi¬ 
ble Of particular interest is the ranty of authentic 
reports in which only right-sided lesions of the heart 
occurred 


COXCLLSIOX 

It IS believ^ed that, despite penpheral signs which 
simulate cardiac decompensation advanced emphysema 
docs not necessanlv affect the heart \XTcn there are 
cartbac lesions which might he attnbutable to the 
effects of emphysema it appears that thev are due to a 
bilateral change rather than to involvement of the nght 
chamber alone 
600 South Kingshighwav 
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CARCINOMA OF THE COLON * 

J SHELTON HORSLEY, MD 

niCHlIOND, VA 

Cancer in readily observable regions, as the mouth, 
anses from a preexisting benign lesion, a papilloma, a 
small ulcer or a point of constant irritabon It seems 
probable that this holds good in the more inaccessible 



Fie 1 —Advanced carcinoma of left aide of right colon In Mrs. 
CCS Several benign adenomas were in the mucosa adjacent to the 
gro w th The structure of one of them is shown m figure 3 It seems 
probable that the cardnoma developed from an adenoma IQce one of 
these. 

regions of the body, where early observation is difficult 
or impossible In a patient of mine, Mrs CCS, 
with advanced cancer of the transverse colon, there 
were several small adenomas near the cancer (figs 1 
and 2) The histologic structure of one of these 
adenomas showed that, while the growth was bemgn, 
there was a tendency to hyperplasia of the epithelial 
cells (fig 3) It IS a logical conclusion that the can¬ 
cerous lesion of the colon onginated in an adenoma 
like this 

SIMPTOMS AND SIGNS 

Often the first symptom of carcinoma of the colon 
IS obstruction This is usual when there is a sarrhous 
cancerous stricture A disturbance of the bowel move¬ 
ments from what is normal for the patient, constipation 
sometimes followed by diarrhea, and the passage of 
blood and mucus, may be early symptoms The pas¬ 
sage of blood, if fresh and clotted, particularly if there 
are no hemorrhoids, is always of grave significance 
Tarry stools usually come from tlie upper intestinal 
tract or from the stomacli Pam occurs chiefly when 
there is necrosis of the cancer and a surrounding 
inflammatory reaction involving the peritoneum A 
peculiar feature of caranoma of the right side of the 
colon is anemia, which may resemble closely pernicious 
anemia This is due not to any intnnsic property of 
the growth itself but to the fact that absorption of fluids 
in the right colon is much more rapid than in the left 
colon, and, consequent!}, the effect of the greater 

* From the Surgical Department of St. Elizabeth s Hospital 

* Read before the Section on Surgery General and Abdominal at the 
Eightieth Annual Session of the American 'Medical Association Portland 
Ore.. July 11, 1929 


absorption of hemolytic toxic products from the 
necrotic cancer of the nght colon is more marked 
The tumor is often palpable 

Roentgenologic examination is an important factor 
in the diagnosis Tlie barium should be given as an 
enema If the growth is in the rectum, digital and 
proctoscopic examination is all that is necessary, but, 
if beyond the reach of the finger or proctoscope, a 
careful roentgenologic examination with a banum 
enema is of great value A tumor in the left half of 
the transverse colon may prolapse to the region of tlie 
sigmoid when it is almost impossible to tell by palpa¬ 
tion whether it anses from the sigmoid or from the 
transverse colon A roentgenologic examination will 
clear this up and enable the surgeon so to place the 
inasion as to secure the best accessibility 

PATHOLOGIC CONSIDERATIONS 

The histologic examination of cancer of the colon 
greatly aids the making of a correct prognosis for cure 
after a surgical operation The classification of cancer 
by A C Broders into grades of malignancy assists 
both the pathologist and the surgeon But histologically 
very malignant cancers sometimes meet a marked resis¬ 
tance and an early operation can cure, while the mild 
t)q)es that have become extensive would be refractive 
to any treatment 

Cancer of the colon may be a slowly growing 
sarrhous type, it may advance fungus-hke into the 
lumen of the colon, or it may be a large infiltrating 
tumor whose center breaks down and forms a cavity 
lined with necrotic foul material The latter type is 
accompanied by infection and frequently becomes 
adherent to the surrounding structures Adhesions do 
not necessanly mean an extension of the cancer, they 
often occur from accompanying saprophytic and 
pyogemc bactena. In such cases, however, an infecbon 



Fig 2—Adenocarcinoma of Mrs C. C. S. (speamen shown In 
figure 1) about grade 2^ reduced from a photomicrograph with a 
magnification of 140 diameters. 


may result from separating the adhesions and ligation 
of the mesentery whose lymphatics are filled with bac¬ 
tena from the necrotic area, and frequently a fatal 
pentonitis begins A resection with immediate anasto¬ 
mosis IS often fatal in these cases Even if the 
peritonitis is overcome, the sutures usually break down 
and a fecal fistula results Some types of cancer grow 
in an encephaloid or fungous manner, projecting into 



Volume 93 
Number IS 


CARCINOMA—HORSLEY 


1373 


the lumen of the bowel, and bleed freely When the 
histologic examination shows a colloid structure the 
cancer may vary grossly from a firm hard mass to a 
soft tumor Only a portion of the tumor may be 
colloid As Broders has pointed out, the colloid itself 
IS of no espeaal significance in indicating the grade 
of malignancy If the colloid is demed from cells 
that are well differentiated and columnar, the cancer 
may be considered mild, but if the colloid comes from 



Fig 3 —Appearance of one of the adenorata ahcnrn In fijfure 1 
The tendency toward hyperplasia of the epithelium is apparent even 
though the growth is benign There is also a marked Icukoc^ic iofiltra 
Horn It seems highly probable that the carcinoma shown in figure I 
arose from one of these adenomas Reduced from a photomicrograph 
with a nugtuficarion of 140 diameters 


poorly differentiated “signet nng” cells, the prognosis 
IS bad as it indicates a high grade of malignancy 

Cancer of the colon may kill by obstruction, by 
hemorrhage, by toxemia or sepsis, particularly when on 
the nght side, bj metastases through the lymphatics 
or through the portal system, or by a combination of 
these factors The lymphatics are not so abundant or 
active as in the stomach, and metastasis is usually late 
Even when the growth is extensive, radical operations 
may sometimes be attempted which would not be 
justified in a similarly extensive cancer of the stomach 


TREATMENT 


Surgical exasion probably gives the only chance of 
cure for cancer of the colon, though competent radio¬ 
logic therapy may greatly aid 

The type of operations best suited for malignancy of 
the colon depends on several factors, the extent and 
nature of the growth, the general condition of the 
patient, and the presence or absence of obstruction In 
acute obstruction when the cancer is small and its 
location IS not definitely known, it is best to make 
an incision close to the midline As Sistrunk ^ has 
pointed out from liis experience in ulcerative colitis, 
extensive manipulation is umvise, and jet a gentle 
examination with the hand to determine the location 
of the neoplasm and whether there are metastases can 
be done wathout too great risk This knowledge is 
important If it is found that the tumor is inoperable, a 
different type of enterostomy is indicated from that 
which IS done in an operable growth If it is inoper- 


\ of Safety tn Operations for Carcinoma 

ISOOlfiOI (Dec. 8) 1928 The MikuUcz 
Resection of the C^lon Ann Surg 8S 597-<>06 (Sept,) 


able, a large open colostomy is made preferably near 
the growth in order to prevent a blind pocket being 
formed between the cancer and the enterostomy If 
It IS operable but obstructive, frequently a Witzel type 
of cecostomy with a rubber tube is all that is necessary 
This gives drainage from the cecum m which fecal 
material is normally liquid, and also permits flushing 
out of the colon either throughout its whole length, if 
the growth becomes permeable, or at least through the 
portion proximal to the tumor The indications for 
relief of obstruction and for cleansing the bowel are 
thus fairly well met This also minimizes the danger of 
soiling m a subsequent operation for resection 

PRELIMINARY PREPARATION 
If there is an acute obstruction, nothing more should 
be done than an enterostomy If the cancer is oper¬ 
able It IS exased after two or three weeks of general 
preparation During this interval the diet is important 
The patient should receive an abundance of fluids, and 
enemas of salt solution several times a day, with irnga- 
tions through the enterostomy tube If the anemia is 
marked a transfusion of blood may be given The 
intravenous injection of 5 per cent dextrose in Ringer’s 
solution, from 1,000 to 2,000 cc a day, is often help¬ 
ful ® In a cecostomy, dextrose and salt solution can be 
instilled through the cecostomy tube, which is clamped 
for a while to admit of absorption If this procedure, 




Fik 4—DuET^mmaUc sketch of procedure referred to in the text 
in which both loops of the bowel *re clamped by a single stout PajT 
damp The discaied Bcgrncnt of the bovtxl is removed Sutures are 
applied and the diaphragm is broken up by invagination of the thumb 
and finger The chief theoretical advantage is that the mesenteric ^rder 
^ segment remains agglutinated and only one stout clamp is usetL 
Practically it was found that the nutrition of the bowel ends could not 
be satisfactorily adjusted, and consequently the method was dangerous. 


how'cver, makes the patient very uncomfortable it should 
not be continued Practically all animal proteins should 
be prohibited The diet should consist largely of fruit 


_ J ourgerj co- J at. 1-OUU U V Jlojby 

^tnpany I9_8 pp 86-83 The Influence of Physiologic Research on 
Modern Surgery Long liland iL J , March 1929 pp U9 H 5 
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juices, carbohydrates, sugar, candy and nee, which not 
only leave little residue but prevent the bactenal growth 
that accompanies the ingestion of protein Water is 
abundantly given This is not a well balanced diet and 
cannot be continued indefinitely, but for a few weeks 
the patient will improve on it This diet is also 
indicated as a preliminary preparation for excision of 
nonobstructive colonic cancer 
Rankin and Bargen,=‘ in a study of sixty cases in 
which vaccine therapy was employed m addition to 
other preparation, found a mortality rate from post¬ 
operative peritonitis of only 5 per cent, against a 23 
per cent mortality rate in a similar group of cases 
without the preliminary vaccination The vaccine was 
prepared from colon bacilli and streptococci of cases 
of fatal peritonitis and was given mtraperitoneally 

SOME TECHNICAL POINTS 
If the patient is fat and the mesentery is strutted out 
and short, or if the tumor is large, necrotic and 
adherent, pnmary anastomosis after resection should 
not be considered Usually it is possible in some way 
to make a union of the stumps of the bowel unless the 


resection is in the lower sigmoid, but whetlier this 
should be done as a primary operation or in stages after 
the manner of the Mikulicz procedure depends on the 
conditions present When the bowel and mesentery are 
very fat, sutures, no matter how carefully inserted, will 
break down and the most favorable outcome would be a 
fecal fistula Often a fatal peritonitis develops If 
the patient is not fat and the gronnh is small with no 
obstruction, a pnmary anastomosis may be done, 
espeaallj if there has been some preliminary prepara¬ 
tion In doubtful cases, however, it would be best to 
do the operation in multiple stages 

If a primary anastomosis is indicated, the procedure 
should preferably be earned out according to the 
so-called aseptic technic This method was first brought 
into prominence by Kerr * and Parker The bowel at 
each end of the loop to be resected is doubly clamped 
and dnided wuth the cautery, the stumps being closed 
wath a basting stitch and the ends then approximated 
and sutured togetlier When the sutunng has been 

3 Rankjo F W and Bargen J A Intrapentoncal Vaccination in 
Cases of Carcinoma of the Colon by Mixed \ accine of Colon Bacflh and 
Streptococo read before the Southern Surgical Association Mobile Sul 
phur Spnngs Dec II 1928 

4 Kerr H H Development of Intestinal Surgery J A. M A. 
SI 641 647 (Aug 25) 1923 


completed, the hasting stitch of each stump is with¬ 
drawn 

Before the bowel is divided in any technic of resec¬ 
tion, the mesentery is severed and ligated and the loop 
to be removed is thoroughly mobilized An important 
consideration, particularly m resection of the colon, is 
the blood supply On account of the active physiologic 
function of the upper small intestine, its blood supplv 
IS much more abundant than that of the colon In 
the colon, and especially in the transverse and left colon 
where the blood supply is scanty, sutunng will often 
break down unless it is seen that there is satisfactoiy 
lascular nounsliment of the tissues Not infrequently 
ligation of the vessels of the mesentery that appears not 
to interfere with the nutntion of the stump of the 
intestine will be found to interfere very matenally, 
and one side or both sides of the anastomosis may 
become necrotic To avoid this, aitting the mesenterj^ 
parallel with the bowel at its attachment until free bleed¬ 
ing occurs insures a good blood supply to the sutured 
tissues 

Though the pnnciple of “aseptic” intesbnal anasto¬ 
mosis IS commendable m operations on the colon, there 

are several objections to 
the technic Kerr employs 
One IS tint the insertion of 
the basting stitch may in 
spite of care penetrate the 
lumen and cause soiling 
Then, too, when the stumps 
bai e been folded in and 
sutured the basting stitch 
must be wathdraun Oc¬ 
casionally tlie basting stitch 
hangs and is difficult to 
remo^e If it has pene¬ 
trated the lumen at any 
point, naturally its with¬ 
drawal may spread infec¬ 
tion Another objection to 
this technic is that so much 
infolding of the ends of the 
colon bj the basting stitch 
and still more by the per¬ 
manent sutures tends to occlude the bowel This 
encroachment on the lumen mai not be as serious m 
surgen of the colon as in operations on the small intes¬ 
tine, but It IS not without a distinct disadvantage in tins 
region and wlule it will not cause permanent obstruc¬ 
tion in tlie colon of a dog, in man whose intestinal 
muscular development is much weaker than in a dog, 
it may be fatal 

Rankin ■’ has dcMsed an ingenious tbree-bladed clamp 
espeaally adapted for colonic resection The bowel is 
Iirought up and clamped at each end of the diseased 
loop after the manner of the old Roosevelt clamp for 
gastro-enterostomy The loop is cut off with the 
cautery, and sutures are placed around both sides of the 
clamp, wdiich is removed w hile the anterior basting 
suture is held taut When the bowel is not fat, this 
clamp doubtless is adiantageous As Rankin has 
pointed out, too, as a step in the klikuhcz operation this 
clamp may be helpful Sometimes, however, it is 
difficult to place sutures accuratelv on the under side of 
the bowel when this clamp is in position Another and 
a more serious objection is that the colon cannot be 
easily adjusted in this clamp so that the best nutrition 

5 Rankin F M Surgery of the Colon Acw \ork D Appleton S, 

Co 1926 



Fig 5 —First stage in resection with pnmary anastomosis of the colon The mesenterj has been divided 
and tied and the bowel is clomped and one cud has been divided The claraps are applied so that the mesen 
tcnc borders will not be m apposition 
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nt the stumps im 11 be secured This is more readily 
accomplished when separate clamps are placed on the 
ends 

In an effort to make the operation simpler I have 
clamped together both limbs of the loop of bowel with 
one stout Payr clamp This would also appear to have 
the advantage of leaving the mesenteric borders of the 
stumps still adherent by the pressure of the clamp 
(fig 4) The procedure was not successful however, 
because it was found that in slipping baclavard and 
forward an adjustment of the bowel was apt to be 
made that impaired the nutation of the stumps 

PRIMARY ANASTOMOSIS 

In two cases I hare done an operation which is a 
combination of some of the features of the pnnciple 
of the aseptic technic of Kerr and the method of 
Rankin, and the results so far as the anastomosis was 
concerned have been satisfactory In the first case the 
patient died about four weeks after the operation from 
an abscess around the Incr AlHien the postmortem 
specimen was examined, the anastomosis was m excel- 


tmuous sutures, preferably of silk or of linen, is taken 
closer to the clamp (fig 7) A senes of interrupted 
mattress sutures is applied over the anterior surfaces 
of the clamps, care being taken to cover the bowel at 
the two extremities of the suture line These are held 
loosely while the clamps are gently withdrawn (fig 8) 
Rankin has observed as a result of experimental 
work that the Payr clamp will usually lea\e the bowel 
walls stuck together if the clamp is carefully removed 
The application of petrolatum on the clamps before 
they are applied might aid in this After the Payr 
clamps are removed the mattress sutures are tied The 
mattress sutures should not be held too taut while the 
clamps are being opened Not infrequently if a basting 
stitch is applied the opening of the clamp sufficient for 
its removal will pull open the bowel by making traction 
on the basting stitch This is to some extent avoided 
when interrupted mattress sutures are used (fig 9) 
After these mattress sutures are tied, a row of con¬ 
tinuous sutures, preferablv of tanned or chromic cat¬ 
gut, is placed (fig 10) There are, then, two rows of 
sutures, postenorly an internal continuous suture, and 




Fig 6 —^The stumps of the bowel are 
brought together A senes of interrupted 
mattress sutures has been ajiplictL They are 
all applied before any one ii tied. 


Fig 7 —The mattress sutures are tied and 
a row of continuous sutures is applied 



lent condition and there was no stneture In Tiiother 
case tliere was a fecal fistula but much of the left 
colon and sigmoid had been removed, and though the 
patient ivas fat an immediate end-to-end union seemed 
the only way to avoid a permanent artificial amis 
As the first step in this operation, the loop of bowel 
to be resected is thoroughly mobilized by dividing and 
ligating its mesenterv" Pair clamps are applied in 
such a manner as to preserve the nutrition of the ends 
of the bowel Preferabl), one clamp is placed at about 
right angles to the mesenten and the other parallel 
with the mesentery (fig 5) This obiiates the necessity 
of having the raw' surfaces on the mesenteric border of 
the two stumps m contact The bow el is resected w ith 
tile cicctnc cauten, and the stumps m the clamps are 
thoroughly cooked The two clamps are brought 
together and a senes of mattress sutures of linen silk 
or chromic or tanned catgut is placed on the under 
surface before anj of the sutures are tied (fig 6) 
Vfter the sutures have been placed, the tension is 
rehev'ed by approximating and slightly e\erting the 
clamps and then the sutures are tied \ row of con- 


anterioriv internal interrupted mattress sutures Any 
weak points are reinforced by additional sutures, and 
the diaphragm is broken bj' invagmating tlie bowel 
above and below the anastomosis with the thumb and 
finger 

When the cecum and nght colon are excised, the 
sutures should be taken at a higher level on the ileum 
than on the colon In this way an invagination occurs 
and an ileocecal valve winch to some extent prevents 
reflux from the colon into the ileum, is reconstructed 

MULTIPLE-STAGE OPERATION 
When a primarj' anastomosis is not indicated, some 
kind of a multiple-stage Mikmhcz operation should be 
done The classic klikuhcz operation is in four stages 
Tlie affected loop of bowel is first brought onto the 
abdominal w'all A few days later the loop of bowel is 
excised Still later a clamp is applied to the spur 
betw'een the two stumps, and in the fourth procedure 
the external fistulous opening is closed There are 
modifications to suit the indu idual case 

One of the dangers sought to be avoided in this 
procedure is pentomtis This operation is particularly 
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applicable in large adherent neoplasms or in patients 
who are quite fat The stages, however, may often be 
advantageously modified It seems ideal to remove 
the neoplasm as soon as possible, not only because it 
IS ahvajs a source of contamination by cancer cells 
but because toxic matenal from it, particularly when 
tlie blood supply has been interfered ivith, is not good 

for the patient In 
the first stage it is 
hdvisable to mo¬ 
bilize the bowel as 
though a pnmar)' 
resection were to 
be done The ad¬ 
hesions are severed 
The mesentery is 
divided and ligated, 
and the loop to be 
resected is brought 
easily into the 
wound Instead of 
folloivmg the for¬ 
mal Mikulicz pro¬ 
cedure of leaving 
the loop for a few 
days until adhesions 
have occurred, the 
adjacent limbs of 
the loop are loosely 
sutured together in 
such a manner that 
the mesentery is 
not included in the spur, and then the affected loop is 
clamped with tw^o Payr clamps or with the Rankin 
damp and severed ivith the electric cautery The raw 
surfaces where there w ere adhesions, and the stumps of 
the mesentery, are drained with agaret drains and a 
tube. Tlus IS important because peritonitis may follow 
from the separation of adhesions or division of 
the mesentery in these cases The clamps are left 

on the ends of the 
bowel and a Witzel 
cecostomy with a 
tube IS done The 
clamps should not 
be removed for at 
least five days, by 
which time the 
drainage has been 
taken out and the 
cavity left by the 
drainage has con¬ 
tracted Three or 
four days later a 
clamp IS applied to 
the spur (fig 11) 
After this, depend¬ 
ing on the reaction 
of the tissues, an 
interval of from 
one to several weeks is permitted to pass and the 
external opening is sutured ® 

6 In the majontj' of cases of cancer of the colon a raaltiplc-ftage 
modified Miknlicz operation is indicated In those cases in which an 
immediate anastomosis can be made the technic here described is applica 
ble only in the almost complete absence of fat and when the tissues are 
easily accessible and the surface is fairly smooth Otherwise it would be 
better to strip the stumps of the colon of fecal matter place soft bladM 
clamps open and clean the ends of the bowel after packing them off well 
and then suture the mucosa accurately %\ith chromic catgut or silk from 
within wnth a continuous suture. After this another row of external 
sutures maj be placed 


The important advantage of this procedure is that 
excision of the cancer and drainage of the potentially 
infected tissues are done at the first stage, the other 
steps being minor procedures 
617 West Grace Street 


ABSTRACT OF DISCUSSION 
Dr. R. C Coffev, Portland, Ore "Of all sad words of 
tongue or pen, the saddest are these, ‘It might have been”' 
There is nothing that tears the heartstrings of the surgeon 
more in the case of simple annular carcinoma of the colon than 
to realize that he has sacrificed his patient’s life to idealism. 
Idealism in intestinal surgery is the most fatal of all senti¬ 
ments Less than three months ago I had a beautiful case of 
annular carcinoma of the upper sigmoid I knew there was 
danger and called attention to the fact m my clmic at the time 



Fig 11—The bowel haa been brought up and resected and the clamps 
ha\c been left on for several days^ as described in the text. At this 
stage a damp is being applied to divide the spur Note that the bowel 
15 so placed that the mesentery is not m the spur, and the forceps are 
ormnged so that the bite is at the tip at first. 

that it was a dangerous thing to do, but it seemed such a 
perfectly simple case, I decided on ideal resection Two or 
three dajs later an mtesUnal loop apparently became caught 
in the neighborhood of the anastomosis and the patient died 
from a high intestinal obstruction I have manj times succcss- 
fullj performed radical resection in such cases, but the mor¬ 
tality IS too great when compared with the Mikulicz operation. 
It IS probable that tliere has never been so important a prin¬ 
ciple introduced into intestinal surgerj as the Mikulicz prin¬ 
ciple. It does not really matter, if the patient’s entire future 
IS under consideration, whether he is in the hospital one week, 
three weeks or two months Safety above all things should be 
the first consideration True, I still occasionallj do the ideal 
resection, but I confess I have great difficulty in determining 
that fine hair line of wise decision Dr Balfour’s tube technic 
IS adapted to verj low sigmoid cancer In this case, the pathol 



Fib 9—The damps have been withdrawn 
and the interruptea mattress sutures are 
heiUB dosed down and tied. 



Fig 10 —A row of continuous sutures is 
applied burying the interrupted mattress 
sutures The diaphragm is then miaginated 
v\ith the thumb ahd finger 





VOLUM* 93 
Kuubee 18 

ogist should carefully examine the mesenteric glands If a 
number of glands are actually imolved, it is well to remove 
the rectum If tlie cancer is removed entirely, the procedure 
IS excellent In ideal resection, the mortality is much greater 
m rectosigmoid cancer than in cancer of the ampulla In recto¬ 
sigmoid cancer, obstruction first calls the patient s attention to 
his trouble bj diarrhea In cases in which an emergency colos¬ 
tomy has been done previously, often by the family physician, 
the operation for rectosigmoid cancer is no more fatal than 
that for low rectal cancer One should first treat the obstruc¬ 
tion by colostomy and, in certain cases, by cecostomy, and wait 
until the patient has thoroughly recovered Then the radical 
two stage removal operation should be done as in cancer of 
the rectum. 

Dr Donald C Balfour, Rochester, Minn I am sure 
we have all appreciated the two points Dr Giffey has made, 
the first applying to all surgery of the gastro-mtestinal tract 
and the sacrifice of tlie patient to idealism I think what he 
had to say about multiple stage operation for such serious con¬ 
ditions as carcinoma, whether in the colon or in the gastro 
mtestmal tract, is exceedingly important. The second thing is 
what he said about the expense connected with hospital care, 
and I think his point is well taken. The whole future of the 
patient is invohed a matter of a few weeks one way or the 
other IS really of minor importance 


Clinical Notes, Suggestions and 
New Instruments 

AN APPABATUS FOR ilASS TREATilENT OF CHILDREN 
WITH ULTRAVIOLET RAVS * 

Behjauir OoCDBeEC M D Chicago 

There is a penod of about eight months each year during 
which the amount of ultraviolet ra>s reaching the ground 
strata of atmosphere in our large cities is much diminished. 

The problem of supplying children with ultraviolet radiation 
on a mass scale stimulated the bmldmg of the apparatus about 
to be described 

The first installation designed was lor the Spalding School 
for Crippled Children, m which a large number of children had 
bone tuberculosis, it was purchased by the board of education 


A carbon arc unit was first considered The idea, howeier, 
■was discarded because of the fact that according to citj ordi¬ 
nance, each carbon arc unit must haie an operator m charge 
In addition, the amount of heat generated bl a carbon arc unit 
is ten large and the treatment period, as time went on, would 
necessitate long exposure. The length of the exposure would, 
of course, curtail mass treatment and decrease greatlv the 
number of children who could rcceiie this benefit 

As a further objection, the special problem of the crippled 
children had to be considered It is almost impossible to 
handle m a mass cnppicd children with various tj-pes of defor- 

* From itie City ot Chicago "Municipal Tuberculosia Sanitanitm and 
the Lniccrjity o£ Illinois College of Medicine 
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mities, it would be difficult to move them in and out of the 
arc of treatment m such a w^aj that they would receive accurate 
dosage It was decided finally to make use of mercury quartz 
lamps combined in one unit in such a way as to meet the needs 
of the crippled children or, indeed, the needs of all school 
children 

With this idea m mind, an apparatus was dewsed consisting 
of a sheet metal room, feet wide, 20 feet long, and 9 feet 



Fig 2 —View of machine censtruefed and inataUcd at fhe Spalding 
School for Crippled Children 


2 mehes high The “sun room” was elevated about IS inches 
from the floor and approached at both ends by ramps, 6 feet m 
length, graded 2^ inches to the foot The room is open at 
each end and a conveyer, on the endless cham pnnciple, runs 
Its entire length. 

This conveyer (on which the children travel) is, by means of 
the tachometer control, adjustable in speed The rate is con¬ 
trolled by a speed reducing unit which enables the conveyer to 
travel the length of the chamber at speed variations for the 
distance of from fortj’-five seconds to four and a half minutes 
Running down the center of the convejer are two heavy black 
lines about 9 inches apart The children to be treated stand 
between these lines during their passage through 
the sun room 

On each side of the chamber, or sun room, 
2^/i feet from the floor are placed three Uviarc 
lamps, making a total unit strength of six mercury 
quartz lamps The lamps are supplied with special 
adjustable reflectors which are constructed to give 
an even distribution of light at all angles Addi¬ 
tional reflection is obtained because of the fact that 
the whole interior of the chamber is coated with 
aluminum pamt 

In order to maintain a comfortable temperature 
level, exhaust fans have been installed at the top 
of the chamber These fans promote a breeze of 
approximateK 10 miles an hour and afford a two¬ 
fold advantage of reducing the temperature and 
suppl>mg air currents to the skin. 

A control board at one end of the unit allows individual 
control of each arc unit within the chamber and also, by means 
of the tachometer, permits the necessary regulation of the speed 

The intensity of e.xposure is controlled m three w'ays 

1 Through the spe^ of the convejer 

2 Through the \ oltage control transmitted to the mercury arc. 

3 Through the curtailmg of the number of arcs in use 

The method of treatment is simple. The graduated ramp 
which approaches the entrance wall accommodate children on 
wheel chairs, stretchers or crutches The children are placed 
between the two lines in their course through the sun room 
thej are kept equidistant from the two sides of the battery 
units Standing, or in ■wheel chairs between the lines, thej arc 
at a distance of approvimatelj 40 inches from each side. 


ULTRAVIOLET TREATMENT—GOLDBERG 



Fig 1 —Artist B Bketch mth front of apparatus cut away to Qlustratc operation 










1378 


FIBROSARCOMA—WEIS 


JoDR A M A. 
Nov 2 1929 


Depending on the amount of exposure they hare alreadj had 
the children are coursed through the sun room at any indicated 
speed, varying from forty-fi\e seconds to four and a half minutes 
They are sent through m groups based on relati\e sensitivity 
and are carefully obsened for results 
It has been found that an exposure of forty-five seconds with 
the full battery of lamps at a voltage of 75 produces only a very 
slight erythema in approximately SO per cent of the children. 

As to capaaty for early exposure, approximately 250 children 
can be handled in an hour A nurse stands at each entrance 
to help the children on and off the con\eyer As they go 
through the room the children wear only a breech cloth and 
goggles to protect the eyes The apparatus has been in opera¬ 
tion only a few weeks at the time of writing A large number 
of children are being treated and careful data arc being prepared 
for further consideration 
104 South Michigan Aienue 


BILATERAL FIBROSARCOMA OF THE LOWrER 
EXTREMITIES 

C R. Weis M D Davtov Ohio 

An American housewife, aged 51, was seen because of bilateral 
fibrosarcoma of the lower extremities The patients father and 
mother four sisters and two brothers were living and well 
One brother was killed in an accident The patient had had 
three normal delucnes The diseases of cliildhood included 
measles, chickenpox and pertussis She had frequent sore 
throats At 31 years of age six weeks after the birth of her 
second child, she had rheumatic feier At the age of 34, a 
large oianan cyst was remoAed At 40, a tonsillectomy was 
done, but only after joint changes were quite marked At tlie 
age of 45, she noticed a swelling beginning on the dorsum of 
each foot just behind the toe clefts the right slightly larger 
than the left and both accompanied by occasional sharp, cutting 
pain No history of trauma or ulcer was obtained The patient 
consulted a physician who gaie her ‘ I'accine treatments’ daih 
for two weeks Obtaining no relief, she discontinued them 
The masses enlarged symmetrically and were painful the 
patient ivas confined to a wheel chair day and night The pain 
finally became so intense that she consulted a surgeon who 
admitted her to a hospital two years before 
Physical examination at this time reiealed the feet and 
ankles incorporated in a large, oi’al, rather firm mass (fig I), 
only the great toe and tip of the second left tee being \isible, 



and haling the gross appearance of bread dough that has become 
dry and cracked. A roentgenogram of the chest showed general 
ized nodular infiltration A plate of the tumor masses showed 
bon\ destruction but no attempt at bone formation The tem¬ 
perature chart showed an occasional rise, while the pulse laried 
from 80 to 110 The urinaKsis showed an alkaline unne The 
specific grant! was 1 016 there was a shght trace of albumin 
but no casts The blood count showed red cells, 4100,000 
white blood cells, 9 800, polymorphonuclears 78 per cent small 


lymphocytes, 16 per cent, large lymphocytes, 6 per cent The 
blood Wassermann reaction was negative. Surgery was refused 
biopsy was not granted, and the patient returned home with a 
provisional diagnosis on the hospital record of elephantiasis 
Three months before her death I was called to the patient’s 
home in the country and asked to relieve her pain At this 



time the tumor masses had trebled in size and were extending 
midway to tlie knee, the contour of the feet and ankles being 
entirely lost in tlie tumor mass, with the exception of tlie heel 
pads The surface was mainly a gangrenous and necrotic one 
At examination the patient appeared emaciated weighing 
about 90 pounds (41 Kg) She sat in a wheel cliair, with her 
knees spread widely apart because of the size of the tumor 
masses (136 cm in circumference), she was lethargic and 
exhausted, coughed frequently and complained of pain in her 
back, head and particularly the feet The skin and conjunctiva 
were yellowish brown The mucous membranes, nails and lips 
were cyanotic. The pulse rate was 120 and lery soft The 
hands showed the characteristic changes of arthritis deformans 
The left pupil was larger than the right both reacted to light 
and distance The lips were dry Sordes ivas present The 
ape.x impulse wias 11 cm from the midstcrnal line in tlie sixth 
space, 2 cm outside the midcla\ icular hne. The sounds were 
of the tick-tack variety The blood pressure was 110 systolic, 
88 diastolic, and 22 pulse pressure A soft sy stohe murmur was 
present at the apex The chest showed many dull areas with 
increased loice and moist rales in both cases Respiration was 
36 The abdomen was distended and timpanic The liver edge 
was felt 3 cm below the costal margin and ivas smooth in 
' outline The inguinal nodes were enlarged 

Pehic and rectal examination was not attempted. The tem¬ 
perature range was from 97 8 to 101 3 The urinalysis showed 
an alkaline unne the specific gravity was 1008 a trace of 
albumin was present, there were no casts The blood count 
showed 330000 red cells, 10 300 white cells and 80 per cent 
polymorphonuclears The Wassermann reaction was negative. 
Measures were used to keep the patient as comfortable as 
possible until she died, Nov 30, 1926 
A section of tissue removed post mortem was grayish white, 
rather firm, with a shiny substance and a browmsh thickened 
and roughened skin covering Sections revealed smooth bundles 
of fibrous tissue surrounding elongated or spindle-shaped cells 
with many dilated and congested thin walled blood vessels 
The skin showed polynuclear infiltration with thickening and 
increas'ed pigmentation of the skin layer (fig 2) 

A diagnosis of fibrosarcoma was made 
414 Harries Building 
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A NEW PRACTICAL \AGINOSCOPE FOR USE IN 
CHILDREN AND VIRGINS* 

Samuel K Levy MD Drooelym 
Adjunct Attending Pediatrician and Chief of Pcdiatrie Oinle United 

Israel Zion Hospital Attending Pedmtncian at the Brooklyn Infants 
Home, Crown Heighu Hospital and Shore Road Hospital 

After a careful search of the American and foreign literature 
to date, I have not found recorded any practical electricall> 
illuminated vaginoscope for use in children and virgins I am 
therefore presenting here mv vagmoscope, with my reasons for 
the measurements adopted 

In eiery female child admitted to our hospitals, infant homes 
and similar institutions, a vaginal (cervical) smear is made on 
admission, usually with a cotton tipped wooden applicator I 
measured a large number of such applicators and found that 
they varied in size from 13 to 19 French. These measurements 
were the clue to the proper size caliber tube tliat I should use 
in my vaginoscope In deciding on the proper size length of 
tube that I should use, I met with difhculDes Nowhere m the 
American literature could I find definite measurements as to 
the length of the child’s vagina Ballantj ne' saj s, ‘The vagina 
is from 2J to 3 5 cm m length in the new-born ” No other 
measurements are given In the Handbuch der Anatomic des 
Kindes ’ there are given measurements of tlie length of the 
anterior and posterior walls of tlie vagina m children from 1 
month to 13 years of age, and these measurements vary from 
28 mm to 67 mm, tlie posterior wall being slightly longer than 
the anterior Consequentlj the specifications of my first vagino¬ 
scope were for a tube about Zyi inches (8 8 cm ) in length and 
about 18 French. This length of tube will also permit exam¬ 
ination of the adult virgin 1 had the entering end beveled so 
tliat the lower surface, which slides along the posterior wall, 
IS slightly longer tlian the upper or anterior surface, which 
again conforms to tlie measurements quoted, and this also per¬ 
mits of greater ease of insertion. 



All else that I need sai to complete the description of my 
invention is that it is an elongated auroscope speculum which 
can be secured to fit tlie head of any of tlie standard battery 
handles This permits of direct clectncal illumination The 
American Cystoscope Makers, Inc. (Mr Remhold Wappler) 
and the Welch Allyn Company, have been kind enough to make 
and present me with the apparatus shown in the accompanying 
illustration As can be seen, a small magnifying end piece 
such as now fits on the auroscope head piece, is a useful part 
of this combination This wall permit of the passing of an 
applicator through the tube (For those who desire additional 
safety m introducing the instrument an obturator may also be 
secured) I am assured that both the vaginoscope end piece 
and the magnifynng lens can be secured for a reasonable sum 
In the past such instruments as urethroscopes, cystoscopcs 
and nasal speculums iiave been used for vaginal exarauiations 

* Abstract of a paper read before the New Utreebt Niedicat Societv 
Jlay 27 1929 

1 Ballantyne in Abt’s Pediatrics Philadelphia VV B Saunders 
Company ll 370 1923 

2 Handhucb der Anatomic des Kindcs part 1 2 90 1927 


m children and virgins I claim the following advantages for 
my vaginoscope over other apparatuses formerly in use rea¬ 
sonable cost, ease of manipulation, direct electrical illumination 
and magmfication, umversal use of the electrical auroscope with 
ease of attachment of my vagmoscope end piece and magmfying 
lens, and easy stenlizaDon It has the advantage of bemg not 
only a great aid in treatment with direct vision of the parts 
but also the ideal way of obtaining vaginal and cervical smears 
By examination of the interior of the vagina, foreign bodies 
that may be an underlyung cause of prolonged vaginal discharges 
may be seen and readily removed It may also be of value in 
cases of suspected rape I am sure additional advantages will 
become manifest vvuth its future use 1 have not observed any 
ill effects from its use in a senes of children examined in 
private practice, at the hospital and at the Brooklyn Infants 
Home, and varying in age from about 3 months to 14 years 
My observations of tliese and other children will be the subject 
of a future paper 

1694 Nostrand Avenue 


GLANDERS 

RvLpn V\ Mexoelsov MD Alhuquerque N M 

Glanders is not common in man although it is probable that 
many cases are not recognized because of tlie protean mani¬ 
festations of the disease, with special reference to tlie skin 
lesions Strictly speaking, the term glanders is applied to the 
infection with Bacillus vtallci as it affects the nasal mucous 
membrane and the internal organs The term farcy is used to 
designate tlie lesions m the skin and lymipliatics (generally 
speaking, glanders may be defined as a specific infectious dis¬ 
ease due to B iitaUct, common in the horse, mule and ass, con¬ 
tracted by man accidentally either through skin or nasal mucous 
membrane inoculation 

The two following cases illustrate the course as a chronic 
skin and mucous membrane infection 

REPORT OP CASES 

Case 1 —A. white woman aged 36 who was reared on a 
farm and whose previous history was irrelevant except that she 
came into intimate contact with two horses that died of an 
unknown, but suspicious, disease eighteen months previous to 
her present e-xammation first noticed a slight nasal discharge 
and shortly afterward tliere appeared a small vesicle near the 
tip of tlie nose The nasal discharge gradually increased and 
became mucopurulent, while the skin lesions advanced until the 
entire upper lip and nose presented an ulcerated, discharging 
surface She consulted a number of physicians and the diag¬ 
nosis made was either syphilis or epithelioma At no Dme did 
she suffer any marked constitutional symptoms At the Dme 
of examination the patient was well nourished and the physical 
observations were negative except as portrayed in figure 1 The 
temperature, urine and blood counts were all within normal 
limits The blood Wassermann reaction was negative The 
discharge from the nose was profuse There were no laryngeal 
symptoms The skan lesions were covered vnth a thick, yellow¬ 
ish crust which after removal presented numerous isolated 
ulcerations Smears from the nasal discharge and from the 
ulcers showed a heavy infection with a gram-negative, shghtiv 
curved rod. This organism proved to be B mallei and the 
paDent s blood agglutinated a foreign organism in high dilution 

Treatment wath an autogenous vaccine was instituted together 
wath such local treatment as vvas indicated but tlie patient was 
not under observation sufficiently long for the effect of such 
medicaDon to be determined 

The diagnosis m this case depended on the epidemiology, the 
characteristic nasal discharge, the negative Wassermann reac¬ 
tion, the finding of a suspicious looking organism in the dis¬ 
charges, the confirmative laboratory observations with regard to 
this organism, and the positive agglutinating properties of the 
patient’s blood Speaal reference is made to tlic epidemiologv 
as indicating the probable source and nature of the infection 

Case 2—A Jfexican vouth aged IS presented himself for 
treatment, because of the loss of sight in his left eye, a severe 
infection in his nght eye, a profuse mucopurulent nasal dis- 
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charge, and extensive ulceration of his nose and upper Iip as 
illustrated in figure 2 His previous history is negative except 
that he lived on a small ranch and came in intimate contact with 
a particular horse that died of an unknown disease The patient 
insisted that about a year and a half before he first noticed a 
discharge from his left eye This was followed by a nasal 
discharge and ulcerations of the Up of the nose that gradually 

spread to the upper 
hp and involved the 
greater porUon of the 
external nose. He 
next noticed some 
difficulty m his throat, 
a slight hoarseness m 
his voice combined 
with some slight diffi¬ 
culty in swallowing 
About SIX months pre¬ 
vious to his present 
examination his right 
eye became infected 
He did not complain 
of any marked con¬ 
stitutional symptoms 
at any time. On 
physical examinaUon 
he presented an emaci¬ 
ated body, consider¬ 
able enlargement of 
all of tlie glands in 
the neck, a normal 
temperature, a normal 
blood count, normal urine and a negative blood Wasserraann 
reaction i He could speak only in a whisper The right eye 
presented considerable corneal ulceration with extensive con- 
'unctival inflammatory reaction The discharge was not 
profuse. The left eye showed slight corneal ulceration with 
considerable conjunctival reaction and profuse mucopurulent 
discharge. The nasal passages were blocked from encrusted 
discharge The skin lesions were covered with a thick, yellow¬ 
ish encrusted mass that involved tlie mucous membrane of the 
upper lip to the gum line The throat lesions were subacute. 
The tonsils were not affected, the palate was not involved. 
The larynx was injected There were no ulcers visible 
From the lesions, eyes, nasal mucous membrane and skin 
ulceration was obtained a mixed infection consisting of Slaf>hy- 
lococcns aureus a diplococcus and many gram-negative, slightly 
curved rods with irregular staining properties, that proved to 
be Bacillus tiiallci The blood 
agglutinated a foreign organism 
in high dilutions 
The diagnosis depended on 
the epidemiology, the character¬ 
istic nasal discharge the nega¬ 
tive Wassermann reaction, the 
finding of a suspicious looking 
organism in the lesions, the 
confirmative laboratory observa¬ 
tions vv ith regard to this organ¬ 
ism and the positive agglutinat¬ 
ing properties of the patient’s 
blood. The case is interesting 
in view of the mitial lesion m 
the right ej e. Although the 
epidemiologv is not positive it 
maj be assumed that the inti¬ 
mate contact with a horse tliat 
died of an unknown disease was 
the probable source of infection. 

It was not possible to obtain a history with regard to any of the 
other live stocL 

The treatment consisted of a mixed autogenous vaccine given 
only once a week as it was not possible for the patient to come 
to the city more often Local treatment consisted of “hot- 
tow eling” the encrusted ulcerations until the scabs bad been 
removed and then applying a 20 per cent mercury ointment 



Fie 2 (case 2) — E-slensivc 
ulceration of nose and upper Iip 



Fig 1 (case 1) —Ulcerations covered 
with crust. 


The results have been extremely satisfactory The throat lesions 
have cleared up The voice is almost normal The infecUon 
m the right eye has disappeared and the nasal discharge has 
practicallyr ceased The glandular enlargement is the same. 
Four weeks after the use of the vaccine, B mallei could not be 
demonstrated m the discharges and the only organism present in 
tte nasal discharge was a diplococcus with an occasional 
^aphylococcus aureus The patient has gained 3 pounds (1 4 
ivg;) and states that he feels materially improved The sight 
m the nght eye is not affected. The sight m the left eye is 
lost The skin ulcerations have practically 'healed and the 
mflammatory reaction has been reduced 7S per cent 


cosruENT 

The diagnosis m these cases is suggested by the epidemiology 
and the characteristic nasal discharge. In these two cases 
direct smears showed a profuse infection with a suspicious 
organism that proved to be B mallet The skin lesions might 
be confused with syphilis or epithelioma, and I have seen many 
cases of gangosa m the tropics which resemble chronic glanders. 
In syphilis the positive Wassermann reaction would clear up 
the diagnosis if the bactenologic observations were negative. 
Epithelioma would be determined by tissue examination and 
gangosa in the tropics by the therapeutic test with arsenic, 
immediate results fo'lovv treatment 
The prognosis is not good Complete eradication of all the 
signs and symptoms is not proof of a cure. The disease may 
remain latent for long periods and a sudden acute exacerbation 
terminate fatally In view of the results obtained by vaccine 
treatment it would seem advisable to keep these patients under 
observation for many years, stimulating their resistance by the 
use of vaccines and proper hygiene measures 
608-609 First National Bank Building 


MIDLIXE PRESTERNAL ULCER rREQUENTLY 
A GUMMA• 

OwiM H Wahoessteks M.D MntHEAroLis 

No diagnostic criterion is infallible Occasionallv the most 
dependable symptom or sign may be absent When the cardinal 
signs of a given disease are present, the diagnosis is usually 
arrived at with facility When the nature of an ailment remains 
obscure because of the absence of the classic occurrences peculiar 
to that disease, diagnostic criteria often thought to be of lesser 
import attain an unusual significance. 

In his “Introduction to Surgery,” Rutherford Morison’ men¬ 
tions a diagnostic sign of gummatous ulcer that merits more 
serious attention by physicians in the differential diagnosis of 
such ulcers Syphilitic ulcers he savs, choose the midline w'here 
the blood supply is normally the least 

In the case reported here, a diagnosis w'as arnved at solely 
through the presence of an ulcer m the midline over the sternum, 
suggesting the possibility that the ulcer as well as the major 
complaint of pain and ulceration m the rectum for which the 
patient had sought relief for fourteen years might be due to 
syphilis It IS my purpose in this paper to direct attention to 
a V'aluable but little recognized earmark of a disease that falls 
withm the provmce of every practiang physician. 

RCrORT OF CASE 

Mrs M L, aged 37, admitted for the first time to the 
University Hospital, Jan. 12, 1928 because of a discharge of 
blood and pus from the rectum for the past four years had 
had considerable pain m the rectum for fourteen years at times 
so severe as to be incapacitating In 1915, hemorrhoidectomy 
was done, followed by recurrence of the hemorrhoids in 1917 
In 1923 the patient sought electrical treatment because of the 
pain m the rectum Meanwhile she had had conservative treat 
ment by diet, enemas and local applications of various sorts 
without relief A diagnosis of ulcerative proctitis was made at 
this time and, because of the failure of conservative treatment 
a colostomy was advused and accepted bv the patient After 


*From Ihe Department of Surgery of the Lnueraity of Vfinnesola 
Medical School 

1 Morison Rutherford An Introduction to Surncry Bnitol John 
Wright A Sons 1910 p 35 
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this operation the patient ^\•as definitel} better, but the pam m 
the rectum continued 

In November, 1927, a fistula developed beside the anal opening 
and there had since been considerable discharge of blood and 
pus from the rectum 

On admission the patient appeared well developed and welt 
nourished The general phjsical examination was essentially 
negative except for a double barreled colostom> in the left 
inguinal region and a fistula that extended from the posterior 
portion of the left labium to establish a commumcation with 
the rectum. There was pronounced stenosis of the anal canal, 
the walls of which were mdurated and irregular On digital 
examination of the rectum, the patient complained of consider¬ 
able pain. Posteriorly, there was a fistula running beneath 
the sphincter into the rectum The anal canal was almost 
entirely covered by numerous shallow, ragged ulcers There 
was almost complete absence of induration m the surrounding 
tissues. 

Routine examination of the blood and urine gave normal 
results The blood Wassermann reaction was negative Speci¬ 
mens taken from the ulcers revealed chronic inflammatory 
change. Scrap ngs from the ulcers failed to reveal parasites 
and guinea-pig inoculation tests were negative. There were no 
parasites in the stools 

The diagnoses were (1) ulcerative proctitis, (2) multiple 
anal fistulas, and (3) old colostomj 

Various tj^ies of irrigations, and treatment with soft x-ravs 
and the ultraviolet ray had no influence on the lesions During 
her stay in the hospital the patient developed a shallow ulcer 



Fig t—Shallow ulcer over the steniura almost round with irregular 
inarcins slight pigtnculaUou in the peripheral healthy skm. The ulcer 
Itself n not typical of a typhilibc nicer 


about 38 mm in diameter, with its center slightly to the left 
of the midline over the sternum at about the level of the third 
nb The margins were bluish and very ragged, and about the 
penpherj of the ulcer the skin exhibited slight brownish pig¬ 
mental on The edges were slightly undermined and the floor 
was covered by bluish red exudate. There w’as no induration m 
the surrounding tissues January 30, the fistulas were laid open 
and the anal spluncter was dmd^ No material change resulted 
and the patient v os discharged, Februarj 27 

The patent was readmitted, Maj 25 1928, because of pam 
and discharge w ith her condition essentially unchanged At 
tins time a blood and unne examination were again negative 
The Wassermann react on of the blood and spinal fluid was 
negative The Nonne and Noguchi tests were negative, and 
the mtraspinal pressure vv as 30 mm. of vvxiter There w ere three 
cells per cubic millimeter Neurologic examination was negative 
The patient was also seen on several occasions b> the consulting 
dermatologic staff 

Rcexaminat on of specimens from the ulcers about the anus 
and chest again revealed onK chrome inflammation No para- 
s es could be found m smears from cither situation. Irrigations 
vv th surgical solution of chlorinated soda were instituted but 
InJ no apparent benefit and were abandoned Saline irngations 
hkevvase did not have a demonstrable effect. There was no 
improvement follovvang ultravaolct irradiation. September 2, 


quimne packs were apphed to both ulcers every hiree hours 
No change was noted after ten days 
I saw the patient for the first time, September 11, and felt 
that despite tte absence of serologic evidence of svphihs the 
midline shallow ulcer over the sternum with ver^ little change 



Fic 2—Appearance of anorectal lesion for ivhich patient sought rdief 
two weeks alter the administration of potnssium iodide was commenced 
Be^nite evidence of heahng at the periphery is present Thjs lesion 
healed much more slowly than did the prcstemal ulcer Inset a ulcerating 
areas h rectal cloaca c renmants of anal sphincter d rcctovagmai 
septum (cotcred with grannlation tissue) c g^nulation (cohered with 
new epithelium) f vaginal orihce. 

in the adjacent skin w'as strongly suggestive of sj-philis The 
lack of induration about the anorectal lesion was also most 
unusual A saturated solution of potassium iodide m doses of 
2 cc was given three times a day Within a week there was 
definite improvement in the ulcer over the chest vv ith beginning 
healing at the margins September 20, a vveeklj administration 
of 45 Gm. of neoarsphenamme was begun. B) the end of the 
monJi there was defimte epithelization of the skin margins of 
the anorectal lesion, and, October IS, the ulcer over the sternum 
W'as entirely covered by epithelium November 3 the patient 
was dismissed to attend the outpatient dermatologic clinic for 
further antisvphilitic treatment. 

November 7 the patient was readmitted for the treatment of 
a severe arsenical dermatitis following the administration of 
neoarsphenamme. Under the influence of daily intravenous 



Fig 3—Ulcer over sternum entirely healed and covered by epithelium 


inject Otis of sodium thiosulphate, giv en under the direction of 
Ur Henr3 ^Iichelson of ^e dermatologic staff, the patient 
improved and vvras dismissed, December 13 Prof Edgar Brown 
of the department of pharmacologj demonstrated the presence of 
arsenic in the unne 

The lesion over the sternum has remained well healed and 
the lesion m the anorectal area is also healed Occasionallj 
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there IS slight bleeding from the rectum, but digital and visual 
examination of the rectum with the proctoscope fail to show 
local persistence of disease 

Because of the contraction of scar tissue about the rectum, 
the external opening is somewhat stenotic, which in all likeli¬ 
hood satisfactonlj' accounts for the occasional discharge of 
blood brought about by the accumulation of mucus in the lower 
bowel As a consequence of the loss of the sphincters of the 
rectum, tlie complete restoration of tlie continuity of the bowel 
IS not feasible 

Serologic tests for syphilis have still continued negative Since 
the patient’s dismissal from tlie hospital, a perforation in the 
nasal septum typical of syphilis has developed Therapeutic test 
as well as the latter occurrence therefore give credence to the 
belief suggested by the midline ulcer that the anorectal lesion 
was due to siphihs 

COMMENT 


Some years previously in another clinic I saw a similar 
prestenial midline ulcer which was being excised under the 
impression that it was malignant Histologic examination of 
the removed tissue showed evidence of chronic inflammation 
and the presence of giant cells which appeared to warrant tlie 
diagnosis of tuberculosis Reference to the chart revealed tliat 
the patient had active sjphihs with a positive Wassermann 
reaction and syphilitic periostitis of botli tibias Despite these 
conditions there had been no intimation of a suspicion diat the 
ulcer over the sternum might be a gumma, which it undonbtedlj 
was That gummas m skin have no pathognomonic histologic 
picture is well known and the occurrence of giant cells in such 
lesions IS not infrequent In the absence of the cardinal signs 
of sjphilis, the presence of a midline ulcer should arouse a 
suspicion of s>phihs 


VARICOSE VEIN OCCLUDER IN THE INJECTION TRE VT 
MENT OF VARICOSE VEINS 

Feakk V Tiieis M D CnicAOO 

While in Vienna reccntlj I became acquainted with die use 
of a simple and practical instrument the varicose vein occluder 
With Its more efficient technic during and following the injec¬ 
tion treatment of varicose veins, the percentage of satisfactorv 
results will be greatlj increased The routine procedure that 
I have observed since my return is little more tlian an intra¬ 
venous injection with digital compression of the mam vein 
Naturally, the frequent failures to produce complete thrombosis 
with the 50 or 60 per cent sugar solutions have led to die sub- 



F,g 1 —Self rctaininB varicose vein occluder and special two-way stop- 
cocL needle connection 


stitution of more powerful and dangerous chemical irritants 
Hvpertonic sahcjlate, sodium chloride, quinine and urea hydro¬ 
chloride and other solutions are now commonly injected. I 
believe that the improved technic that I wall presently describe 
wall be of great benefit m eliminating many of the failures 
prevaouslv mentioned 

The varicose vein occluder applied with moderate pressure 
acts to obliterate all the anastomotic superfiaal veins to the 


area to be injected The undiluted concentration of the weaker 
sugar solutions is sufficient to produce the necessary changes for 
thrombosis Minimizing the blood dilution of the mjected irn 
tant IS essential only when the less harmful solutions are used. 
Lack of thrombosis and the subsequent substitution of other 
chemicals can be attributed to this factor alone. The stirrup 
type of occluder (fig 1) vvith or without the leather strap attach 



Fiff 2 —Modification for use when assistance is available, 

iiient originated in Ritlil’s vancose vein clinic at the Allgemeine 
Kraiikenhaus m \ lenna In clinic or dispensary work in which 
assistants are available, the modification (fig 2) with the single 
instead of the loop handle permits a greater range and ease 
for the insertion of the needle 
The following technic is employed The patient stands on 
the floor while the group of veins to be injected is selected 
In order to break the weight of the column of blood, the 
obliteration of groups of vessels at the knee or lower thigh is 
first desired The area chosen for injection is then marked with 
iodine and tlie occluder applied as tlie patient is lying on the 
table A 10 cc syringe with a two-way stopcock needle attach¬ 
ment IS used both to allow the blood to escape and for the 
injection Digital pressure on the tissues within the loop of the 
occluder will hasten the more complete emptying of the vessels 
Some difficulty may be encountered in producing a bloodless 
area because of tlie presence of deep communicating branches, 
but these are of far less concern then the superficial anastomosis, 
which IS taken care of by the occluder The turmng of the 
stopcock will now permit the injection of the diemical irntant 
into the bloodless veins, where it is allowed to act on the intima 
for from three to five minutes Remov^al of the occluder at the 
end of that period practically assures one of subsequent throm¬ 
bosis even when the most innocuous SO or 60 per cent dextrose 
or levulose-dextrose solutions are used. 

The advantages of this method are manifest Some attempt 
IS made to have the veins as bloodless as possible and some 
attempt to hold the irritant at its maximum concentration for 
sufficient time to assure adequate intima changes for thrombosis 
to follow In the Vienna clinic the large number of injections 
over a period of years have given almost uniformly successful 
results with the routine levulose-dextrose solution as the chem 
ical irritant The vrancose vein occluder is of great practical 
value in the efficient handling of V'aricose veins by means of 
the injection method 

Presbyterian Hospital 

Diagnosis —There are few diagnostic signs in medianc 
To reach a diagnosis demands careful exercise of our powers 
of reasoning We must proceed in an orderly fashion and 
without preconceived ideas He who begins his examination by 
looking at an x-ray plate is very likely to lose his way in 
his search for an explanation of some unexpected shadow with 
regard to which he had formed a preconceived idea He should 
not approach his x-rav plate before he has acquired that other 
cvndence which he gams from a thorough physical examination, 
_Thaver, W S / Tennessee M 4 October, 1929 
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NONSURGICAL TREATMENT OF A PILONIDAL CYST 
Edoab R. Maillaud U D , Ntw York 

It IS generally recognized that certain types of acquired 
sinuses and fistulous tracts, resistant to tlie more ordinary forms 
of treatment, have been successfully healed by means of the 
gaUanic current Since none of the cases of pilonidal cysts 
(sacral fistulas) reported in the literature have been treated by 
this method, an account is guen here of such a case Pilonidal 
cysts (sacral fistulas) are considered to be developmental 
anomalies and have been successfully healed only by complete 
excision of the tract or tracts Other methods of treatment, 
such as incision or cauterization with chemicals, have accom¬ 
plished onlj temporary relief 

REPORT OF CASE 

History and Exammatiou —A hairy, thick set, dark com- 
plcxioned white man, aged 22, had had a troublesome discharge 
occurring near the anus for about six months A year previously 
he had experienced the same kind of discomfort, but at that 
time the discharge stopped without any treatment There was 
little pain present The patient’s general health nas only fairly 
good, he tired quite easily and had experienced several attacks 
of furunculosis the furuncles appearing cliiefly on the arms, 
legs, buttocks and scrotum 

Examination of the region above the anus with the gluteal 
folds separated showed two oval openings about one-eighth inch 
in diameter and about 1 inch apart, with hair protruding through 
both of these openings They were situated in the midline over 
the region of the sacral bone When probes were inserted 
througii the openings the tracts were found to be separated for 
a short distance by tissue which was unhealthy in appearance 
The direction of the probes indicated that the tracts had con¬ 
verged and were found to be confluent, extending in almost to 
the sacral bone Pressure caused some pain and a thin brovvmsh 
fluid was expelled A complete physical examination did not 
reveal any other abnormalities and roentgen examination of 
the pelvis showed no pathologic clianges in the sacral bone 
Treatment —^A copper electrode attached to the positive pole 
of the galvanic current was introduced successively into the 
sinuses The negative pole was attached to a pad moistened 
With saline solution and placed on the patient’s back The cur¬ 
rent was turned on and gradually increased until 20 milliamperes 
was registered on the milliamperemeter Each treatment was 
continued for twenty minutes, at first at five day intervals later 
at seven, and finally at ten day intervals The entire series 
required about three months 

The treatments caused a great deal of destruction with 
exfoliation of the disintegrated material containing hair and 
other cellular debris The discharge became more profuse, 
particularly for the first two days following each treatment 
The intervening unhealthy tissue was completely destroyed, one 
common opening being formed extending almost to the sacral 
bone As the destruction became complete the intervals between 
treatments were lengthened to allow more time for healing 
The tract became lined with a healths granulating tissue which 
bled quite easily when the copper electrode was introduced 
Consequently electrodes of smaller size were used with each 
subsequent treatment until healing was complete The new 
tissue was soft and pliable, resembling closely the texture of 
the normal skin 

Risnlt —Tlicre has not been anv recurrence of the condition 
after six months and no attacks of furunculosis have occurred 
The patient has gained weight and feels generally improved in 
health \t no time was he incapacitated from his occupation 
bv the treatment or inconvenienced by pain, tliough a local 
anesthetic might have been used if it had been indicated. 

SUStUAEY 

A case of pilonidal cy st was successfully healed by means of 
the galvanic current witliout pain and without incapacitating the 
patient 

167 East Sixty-First Street. 
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TOXOGON NOT ACCEPTABLE FOR N N R 

Toxogon is the therapeutically suggestive name applied bv 
the Von Winkler Laboratories, Inc, Chicago, to a preparation 
proposed for the treatment of infectious diseases, particularly 
gonorrhea. In the information submitted to the Council, ‘‘Ricin 
Argen” is given as a synonym According to the information 
furnished, “Toxogon consists of silver bound in colloidal form 
upon Ricinic acid ’’ The following indefinite method of prepara¬ 
tion is furnished “TOXOGON is manufactured by introducing 
silver into a suitable colloid and introducing the silver colloid 
into ncinic acid and transferring the insoluble salts through 
suitable chemical agents, such as bases, into soluble staple 
[stable?] compositions” Definite information with regard to 
the composition of Toxogon was not furnished tests and 
standards for its control were not supplied, nor was the per¬ 
centage of Sliver contained m the compound declared 

In the advertising for Toxogon which has been sent to physi¬ 
cians, the synonym Ricin Argen is replaced by "Sulpho Rean 
Argen’ and the preparation is stated to be “Monosulfoncin 
Sliver " 

It IS claimed that Toxogon has the properties of silver com¬ 
pounds but that tlie combination with ncinic acid “lowers the 
surface tension of the solution to a higher e.xtent than is possible 
with any other agent and permits a much freer permeation ” 
and that ' Laboratory tests on vial cultures of streptococci 
showed a one (1) minute efficiency of 1% dilutions”—^whatever 
that may mean In the advertising sent to physiaans the 
extreme claim is made that ’ It represents the most ideal anti¬ 
septic and germicidal solution and for this reason is especially 
adopted in the treatment of infectious diseases ” No evidence 
in support of these claims was furnished the Counal nor was 
any evidence submitted or contained in the advertising which 
compares the efficacy of this preparation with tlie many well 
knovvn silver preparations that are official in the U S Pharma¬ 
copeia or that have been accepted for New and Nonofficial 
Remedies 

The Council found Toxogon unacceptable for New and Non- 
official Remedies because its composition is not adequately 
declared because no evidence is available to indicate that the 
composition and umfority of the product is controlled, because 
the claims advanced for it are unwarranted in the light of 
the available evidence, and because it is marketed under a 
therapeutically suggestive name. 

When the preceding statement was submitted to the Von 
Winkler Laboratories, a reply was received which stated the 
Sliver content of the preparation but which did not furnish 
definite information as to the form in which this is present It 
does not remove tlie element of mystification as illustrated by 
the meaningless formula [Ag(NH.)-|-2] If a guess may be 
ventured it is probably a suspension of colloidal silver in a 
castor oil ammonia soap solution In the firm s reply, much 
was made of the surface tension of the preparation, but no direct 
evidence of superior penetrating power of the preparation is 
furnished and it is most improbable that the presence of ammo¬ 
nium ncmoleate would enable colloidal silver to penetrate even 
through dead membranes, much less through living tissues As 
evidence for the superior value of Toxogon, the reply submitted 
reports from two physicians One stated simply I take great 
pleasure in stating to you that I have used your product 
Toxogon and found it as represented efficient, and satisfactory 
in even respect" The second included meager clinical reports 
which do not present anv comparison with other silver com¬ 
pounds The Council therefore affirmed the rejection of 
Toxogon for the conflicts stated in the report 
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THE PRESCRIBING OF NARCOTICS 

Narcotic addiction receives a vast amount of attention 
both in the medical and m the lay press Llany phy¬ 
sicians and sociological investigators are convinced that 
the amount of attention is beyond the requirement m 
view of the number of persons mvohed or the scope 
of the problem Nevertheless the life of the narcotic 
addict IS tragic and his existence difficult for himself 
and all who are associated with him More and moi : 
the psj chologists are convinced tliat mental rehabilita¬ 
tion is perhaps the most important step in the control 
of the addict As pointed out in the report of Major 
"Walker’s Committee on drug addiction, it is necessary 
to provide the addict with some means of earning his 
support and to develop m him a state of mind which 
will make him earnest, cooperatne and honestly 
desirous of being permanently free from Ins habit 
klany, perhaps all, addicts are psj chopathic and oppose 
any effort at rehabilitation Indeed, it has also been 
suggested that one of the most important steps m 
cleanng up narcotic addiction would he to divide all 
addicts into two groups —those with whom something 
might be done m the way of restoration to useful exis¬ 
tence, and those wffiose records give little promise of 
a successful result 

For jears there has been much debate ns to the 
causes of narcotic addiction Again and again it has 
been urged that phjsiaans are responsible for initiating 
such habits through the careless prescription of drugs 
o\er long pienods of time It is well recognized, how- 
e\ er, that there are other sources of narcotics bej'ond 
the medical profession There has been for years an 
underground traffic in morphine, cocaine and their 
deriratii es The profits of distribution have been 
suffiaentlj' gjreat to attract into this commerce master¬ 
minds of the criminal classes Unfortunatelj, m some 
of our states the prescribing of narcotics is not limited 
to the medical profession, but osteopaths and other 
practitioners who liaie had little or no studj^ of the 
phamiacologj and proper use of such reniedies are 


granted the right to prescribe them Quite certainly 
California, Indiana, Maine, Massachusetts, Michigan, 
Minnesota, Nebraska, Texas, and possibly Kansas 
regulations pernnt osteopaths, under some arcum- 
stances, to use and presenbe narcotic drugs The 
Harnson law has, no doubt, served the salutaiy pur¬ 
pose of limibng to some extent the traffic m narcotics, 
but, as long as this tjq>e of prescribing is permitted, 
the limitations can be of little avail 

In every attempt to find out the most important 
drugs prescribed in mediane, opium and its derivatives 
have been included among the first five These reme¬ 
dies are potent In proper dosage they invanahly 
secure the effects for which they are indicated Their 
very potenej' should, however, be kept constantly in 
mind in ev'erj prescription As with all potent rem¬ 
edies, they should be given only to secure certain 
effects It is, furthennore, of the utmost importance 
to remember that only a suffiaent amount of the drug 
should he given and onlj' a suffiaent number of doses 
to secure the effects desired and tliat tlie drug should 
he promptly discontinued immediately thereafter This 
is in accord w ith the best tenets of the mdmdual prac¬ 
tice of mediane 

It w ould he preposterous to say that phj siaans hav« 
never been responsible for the development of drug 
addictions m some of their patients It would be 
equally preposterous to say that phjsicians have been 
responsible for the vast majonty of cases of drug 
addiction Unquestionably the nature of the patient, 
his personal psichologj', his social and economic prob¬ 
lems are, not infrequent!)', far more responsible tlian 
any error on the part of the doctor who attends him 
for his lapse into slavery to the narcotic. The phj- 
siaan should, of course, have m mind these factors 
If he does so, he is much less likely to be assoaated 
viitli the dev'elopment of addiction than when he takes 
the chance of prescnbing purely to secure relief from 
pain 

Opium and morphine are among the oldest of the 
drugs that may be used to secure sleep and relief from 
agonj Within the past quarter of a century there have 
become available a considerable number of sjnthetic 
preparations, particularly coal-tar denvatives and prep¬ 
arations of barbital, which are useful m a similar way 
Not infrequently the proper prescribing of such a 
preparation, singly or m combination, permits the 
avoidance of the prescnption of the more habit form¬ 
ing narcotic 

The furor and the turmoil associated wath recent 
considerations of narcotic addiction, the propaganda 
for legislation to limit the prescription of narcotics, tlie 
discussions m leagues and soaeties which have made 
narcotic control their speaal problem, are leading 
unquestionably toward the time when attempts may be 
made to proscribe the use of such drugs except in 
specificall) limited instances, if not altogether The 



VoLVUi. 93 
Noubek 18 


EDITORIALS 


1385 


insufficiency ol enforcement of present l^islation 
prompts not infrequently new schemes for enforcement 
and new methods of raising revenue to provide the 
means In almost all such plans, increasing assessment 
of the cost of operation on the medical and pharma¬ 
ceutic professions, which are chiefly concerned in the 
prescribing and dispensing of narcotics, has a prominent 
place Obviously such costs should be, if they are not 
usually, passed on to the consumer—that is, the public, 
however, a direct assessment of the consumer would be 
more proper from every point of view The responsi¬ 
bility rests directly on the medical profession to use 
these drugs only in instances in which they are quite 
certainly indicated and only for such penods of time 
as they may absolutely be demanded by the nature of 
the case To abolish their use m medicine or to inhibit 
their use too greatly because there exist among our 
people defective and cnminal classes by whom the use 
of narcotics is grossly abused would be contrary to the 
pnnaples of science and justice, which should govern 
the affairs of intelligent men 


PHYSIOLOGIC HOMEOSTASIS 
Half a century ago the French physiologist Qaude 
Bernard wrote that all the vital medianisms, however 
varied they may be, have only one object, that of 
preserving constant the conditions of life in the 
internal environment By the latter was meant that 
entity whicli has been described as the fluid matrix 
of the body In spite of a continued succession of 
influences tliat tend to bring about changes m the 
fluids and tissues—for example, hot or cold environ¬ 
ments that tend to heat or chill the organism, or 
stimuli that provoke vigorous action and bnng about 
oxygen want—the tendency to readjustment so that 
charactenstic equilibriums or "steady states” will be 
restored is always in evidence For this general idea 
of uniformity or stability in the organism, Cannon ^ of 
Harvard University Medical School has proposed the 
designation “homeostasis ” 

Physiologic homeostasis is already known to involve 
many biologic features They include body tempera¬ 
ture, hydrogen ion concentration, and the osmotic 
pressure of the cell environments, they also involve the 
materials specifically needed for cellular function, 
including the proximate principles, water, inorganic 
elements, oxygen and perhaps specific hormones having 
general and continuous effects The disruption of the 
organization and influences by which these are main¬ 
tained m homeostatic relationships may present tlie 
picture of disease, accordingly the problems involved 
are of great interest in mediane The advantage of 
this conception lies m tlie points of view that such a 
formulation tends to develop 

I Otnnoti \V B Physiologvcal Reculation of Nortnil States Soxoe 
Tcnfafixe Potlulates Concemine Biological Hotneostatlcs JubDcc Volume 
for Cbarlta Ricbct Pans, 19?6 p 91 


In a scholarly review, Cannon ■ has distinguished 
some of the general types of homeostasis which involve 
the regulation of supplies in the body and the control 
of physiologic processes The former includes, for 
example, the storage and depletion of water Just how 
the water is brought to the reservoirs, how it is held 
there, and how it is released as required for preserving 
the osmotic homeostasis of the blood, is not yet satis¬ 
factorily explained The solution of this problem 
would throw much light on the pathology of the 
accumulation of water as it is seen clinically in edema, 
likewise of the desiccation charactenstic of anhydremia 
The preservation of the sugar level of the blood 
whereby at one extreme glycosuria is avoided, and 
at another hypoglycemic shock, affords an added 
indication of the manifold significance of homeostasis 
The homeostasis of the blood proteins and the agencies 
tliat control storage or release of the albuminous 
components are as yet largely a matter of conjecture 
Cannon has pointed out that storage of matenals in 
the body may be looked on as a regulatory mediation 
between supply and demand Back of storage, how¬ 
ever, and assuring provisions which can be stored, he 
adds, are powerful motivating agencies—appetite and 
hunger and thirst Because of pleasurable previous 
experiences with food and drink, appetites invite to 
renewal of these experiences, thereby material for the 
reserves is taken in If the reserves are not thus pro¬ 
vided for, hunger and tlnrst appear as imperious 
stimuli The neutraJit}’- regulations of the body have 
long been stressed in the sense of a homeostatic adjust¬ 
ment 

At a time when purely mechanical and chemical 
reactions have attained a sort of exclusive popularity 
m the interpretation of biologic phenomena, it becomes 
interesting to consider the functions of the nervous 
system in relation to physiologic adjustments Through 
the cerebrospinal, or voluntary, nervous system man 
becomes acquainted witli and reacts to his external 
environment Every response of this system, even the 
slightest. Cannon ^ has reminded us, is associated with 
the using up of oxygen and energy-yielding material, 
and at the same time with the production of waste 
Consequently, the activities of this system are con¬ 
tinuously produang changes m the fluid matnx of the 
body In order that the internal environment shall be 
maintained m a uniform state, external activity must 
necessarily be mirrored in an internal adjustment 
Otherwise expressed, for constancy of the fluid matrix, 
therefore, every move in relation to the outer world 
must be attended by a rectifying process m the inner 
world of the organism According to Cannon, the 
cerebrospinal ncn^ous system, responding to external 
stimuli, may be called the exterofective system, and the 
autonomic system, affecting the domestic affairs of the 

3 CannOT U B The Sympathetic Division of the Autonomic 

Relation to Homeostasis, Arch Neurol S. Psychiaf 22 282 
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interior of the organism, may be called the interofec- 
tn'e sj'stem When actmty of the exterofective sys¬ 
tem disturbs the fluid matrix of the body, it is the 
function of the sympathetic division to maintain 
homeostasis by its mterofective functions In accor¬ 
dance Mith this principle, during the performance of 
vigorous muscular iiork some of the most conspicuous 
concomitant changes—the liberation of sugar from the 
liver, the pounng out of sweat, the dilatation of the 
bronchioles, the contraction of the splanchnic area, the 
acceleration of the heart and the discharge of corpuscles 
from the spleen into the general circulation—arc 
brought about through the intermediation of the 
impulses along the sympathetic division of the auto¬ 
nomic nen'ous system They tend toward homeostasis 
Medical research is destined to ascertain the homeostatic 
agencies in the body that prevent disorder As Can¬ 
non- has summanzed the outlook, effective methods 
of attaining homeostasis are significant in comparison 
■\\ ith the methods m systems in which steady states are 
not jet veil developed, the regulation of homeostasis 
in higher animals is probably the result of innumerable 
evolutionarj' trials, and knowledge of the stability 
vhich has finally been aclueved is suggestive in relation 
to the less efficient arrangements operating in lower 
animals and also m relation to attempts at securing 
stability in social and economic organizations Finally, 
continued anal) sis of biologic processes in physical and 
chemical terms must await a full understanding of the 
ways in which these processes are roused to perform 
their semce and are then returned to inactivity 
Indeed, regulation in the organism is the central 
problem of phj'siologj' 


VITAMIN D AND MILK 

In experimental animals receiving food decidedly 
unsatisfactorj in its calcium and phosphorus content 
as veil as defiaent iii vitamin D, the admimstration of 
cod liver oil or viostcrol (irradiated ergosterol) results 
111 striking ph) siologic improvement, whereas most 
natural food materials are too lov in vitamin D to 
exert similar prophj lactic or curatiie effects against 
nckets developing on these drastic diets The effort is 
made in most quantitative nutrition experiments to vary 
onlj' tlie factor under consideration and to provide a 
basal diet otherwise adequate But heretofore in 
Mtannn D studies the diets haie often been inadequate 
in mineral as veil as in \ntannn content For several 
1 ears Osbonie Iilendel and Park * hai e been engaged 
in formulating a ‘ sjaithetic” diet that will permit the 
study of changes in the dei'elopment of the bony 
structure as a result of alterations in a single factor of 
the food They use purified dietarj ingredients and a 
salt mixture v hich can be maintained comparable except 

1 Osborne, T B Mendel L, B and E. A- Proc, Soc. 

Evpcr BioL ^ Aled. 21 S7 1923 \earbook 26 Carnegie Institution of 
Washington 1*^-6 1927 p 355 


for a single element and which can be altered to make 
the diet varj m its potential acidity or alkalinity By 
the use of their basal diet the vitamin supply, tlie pro¬ 
tein level, the modifjing effect of fats and carbohj drates 
rcspectivelj, the potential reaction, the ratio of the bone 
forming elements to one another and the relative 
“levels" at vhich they occur in the intake can be 
studied independent!) or conjointly This diet should 
be useful in many types of nutrition expenments 
Recently both Soanies and Leigh-Clare= and Sher¬ 
man and Stiebeling ^ have reported experiments in 
which they hare used diets otherwise adequate but 
decidedly deficient m vitamin D—diets which, while less 
elaborately controlled, represent a sufficient approach to 
the ideal set b) Osborne, Mendel and Park to yield 
results of interest Some time ago it was noted that 
among the hundreds of rat families maintained at 
Columbia Unnersity in rooms lighted through ordinary 
window glass, and subsisting for generations on a mix¬ 
ture of wheat and milk so that whole milk ponder 
constituted presumably the sole significant source of 
vitamin D, no ev idence of nckets was ever obser\ ed when 
milk furnished about 40 per cent of the calones When 
milk furnished about 25 per cent of the calones, calaum 
rather than ntamin D limited the calcium content of 
the bod), for Sherman and MacLeod * were able to 
increase the calcium content of the body of these rats 
b) adding calaum to their food, but not b) adding cod 
h\er oil 

Sherman and Stiebeling reported that when the 
)oung reared in families whose dietanes include milk 
to the extent of from 25 to 40 per cent of the calones 
are transferred at 21 or 28 days of age, soon after 
Meaning, to a basal diet otherwise adequate but prac¬ 
tically free from ntamin D, from 5 to 10 per cent of 
their calones coming from whole (summer) milk pow¬ 
der carried sufficient vitamin D to foster normal growth 
and calcification Still smaller allovances of milk 
resulted in corresponding effects on calcification Their 
data show further the advisability and practicability of 
generousi) endoving the young with Mtannn D by 
regular and hberil use of milk in the family dietaries, 
and the lessened need for, or greater insurance result¬ 
ing from, cod liver additions vhen the rest of the diet, 
including the mineral content, is well balanced and 
adequate, as is easily possible only when milk is 
abundantly supplied At a time when our interest is 
focused on Mtainin D concentrates, these expenments 
sene to reemphasize the importance of a liberal supply 
of mineral elements and an adequate allowance of 
Mtamin D in the diet at every stage of life Milk 
fortifies the diet at these points as veil as in many 
other important factors 

2 Soamw K. Jr and Leigh Clare J C Biochem J 22 522 1928 

Leigh Clare J C and Soame* K M Lancet 1 150 21) 1928 

3 Sherman H C and Stiebeling H K. / D>oI Chenu S3-. 497 
1929 

4 Sherman H C- and MacLeod F L J BtoJ Chem. 64:429 
aune) 1925 
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MESQUITE POLLEN A CAUSE 
OF HAY-FEVER 

Hay-fever is an allergic disorder due to the protein 
of vanous pollens Numerous tree, grass, weed and 
flower pollens are known to be definite causes, and it 
has become a matter of course to expect “crops” of 
sufferers during the pollinating seasons The literature 
is replete wth articles on the various pollens that have 
been proved to be definite causes The layman is 
familiar with the fact tliat his hay-fever may be due to 
ragiveed pollen while that of his neighbor may be due 
to the pollen of one of the vanous grasses Eventually 
it IS probable that every pollen uill be found to be the 
nemesis of some sensitive individuals In this trend it 
IS of interest to note that the pollen of mesquite, a 
southwestern shrub, is coming to be recognized as a 
definite cause A report implicating mesquite in several 
cases has recently been published by Sellers This is 
worthy of note chiefly because the probability of nies- 
quite as a factor in hay-fever has m the past been 
overlooked by many investigators It is not mentioned 
by Balyeat and Duke in their books on hay-fever and 
asthma Sellers seems to be the first to report a senes 
of cases in which it was definitely the cause Thus an 
apparently harmless shrub—one which has presumably 
been the unrecognized cause of many cases of hay- 
fever heretofore—bids fair to become a greater menace 
in the future as the population of the Southwest 
increases 

ARTIFICIAL SPECIFIC ANTIBODIES 
The dominant theory of speafic antibody formation 
dunng the opening decade of the twentieth century 
assumed that under the stimulus of an injected anbgen 
certain body cells undergo a functional hypertrophy, 
with the overproduction and internal secretion of cer¬ 
tain hereditary speafic defensive hormones Under 
this internal secretion theory it was hopeless to attempt 
the test-tube synthesis of cliemically unknown speafic 
anhbodies Today the immunologists are contemplat¬ 
ing the discarding of this histone concept and picture 
specific antibodies as retained biochemical derivatives of 
injected antigens - Test-tube duplication of antibody 
production is, therefore, within the range of logical 
hope Under the stimulus of this new theory, several 
apparently successful test-tube s 3 mtheses of speafic 
antibodies have been reported Sdrawosmisslow and 
Kostromin * of the Bactenologic Institute, Perm, 
Russia, for example, exposed diphtheria toxin to a 
large excess of trypsin and report that the resulting 
“altered tr 3 'psin” acts as a specific diphthena antitoxin 
Kiyshanowski * of the Hygienic Institute, Ufa, Russia, 

1 Sellers, JE. D Jfesquitc Tfc« Pollen as a Cause cf Hay Fever 
Texas State J Me^ 25 297 (Aug) 1929 

2 Manwanng W H A Critique of the Ehrlich Theory vrith on 
Outlfne of the EnijTue Theory of Antibody Formation The Newer 
Knowledge of Bactenology and Immunology Um\ersity of Chicago 
Press 1928 Chapter 81 p 1078 

3 Sdrawosmisslow \V H and Kostromin N E XJcbcr die fer 
mentativc Methode der DiphthcncantitoTincrbaltune m Vitro Ztschr f 
Imraonitatsforscb 64 3 (Dec,) 3927 

^ Kryshanowski W N tjeber die biochemischen Btzichungtn der 
Diphlhcncbanllen za den Eiweistkorpem des Ticrorganismus CentnUbJ 
f Baki 110 J1, 1929 


allowed diphthena protoxin to act on different serum 
protans, and reports that with two of these proteins the 
metaphorical hybnd products are specifically antitoxic 
Although these apparent confirmations of the newer 
immunology have been characterized by Kimmelstiel® 
as pseudo-antitoxic effects and not proof of speafic 
antitoxin synthesis, the reported artificial svnthesis of 
therapeutic antibodies is an encouraging stimulus to 
present methods of biochemical attack 


“CONSTITUTIONAL VAGOTONIA” 


It IS a tempting hypothesis of clinical mediane to 
assume that the pnmary reacting tissue in anaphylaxis 
and related phenomena is the nervous system, and that 
antianaphylactic therapy should therefore be directed 
solely against this system Numerous attempts have 
been made to prove or disprove this hypothesis first 
by a study of anaphylactic phenomena m tissue cultures 
which are presumably free from nerve elements, and, 
secondly, by a study of isolated organs whose nerve 
functions have been modified or abolished by pharma¬ 
cologic agents One of the latest analyses of tins 
second type has just been published by Dr Kurt 
Meyer,“ director of the bactenologic division of the 
Rudolf Virchow-Krankenhaus, Berlin Dr Meyer 
selected, as his expenmental matenal, isolated intestinal 
loops from hypersensitive guinea-pigs, which tissues he 
suspended in well oxygenated Tyrode’s solution On 
the addition of speafic foreign protein to the suspen¬ 
sion fluid such loops were thrown into sharp, persistent 
anaphylactic contractions Isolated intestinal loops 
contain three nerve elements (a) terminals of the 
vagus, whose electrical stimulation causes an anaphy- 
lacbc-Iike contraction of the intestine, (b) terminals of 
the sympathetic, whose stimulation causes mtestinal 
relaxation, and (c) the intramural nerve plexus, whose 
sole function, so far as known, is intermuscular coordi¬ 
nation Stimulation of the nerve plexus has never 
been shown to cause contraction of the intestine as a 
whole Dr Meyer reports that the addition of atropine 
to Tyrode’s solution in quantities sufficient to paralyze 
the vagus completely does not prevent typical anaphy¬ 
lactic reactions Such reactions, however, are prevented 
by papaverine and other agents airrently assumed to 
act directly on the muscular elements Since the known 
functions of the different nerve elements rule out the 
sympathetic and intramural systems as possible sources 
of prolonged contractions and since tlie vagus is 
excluded pharmacologically, he concludes that “the 
smooth muscle itself is hypersensitive and is thrown 
into contraction as a result of direct stimulation by the 
speafic foreign protein ” Unless it can be shown that 
there is error in this logic, that the local sympathetic 
and intramural nerve elements have functions not yet 
recognized by phj siologists, climaans are not justified 
in continuing such terms as "constitutional vagotonia,” 
paraBjunpathicotonia,” “vagotonic predisposition, ’ 


TV t.. -- t.ni*icnung von Antitoxin aus 

„ f piunnakoloffiKhCT AsatxK dtr snaptylalrtivchtn 
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“relative tonus of sympathetic and parasympathetic,” 
“deficiency in sjunpatheticotonic endocnnes,” or “dis¬ 
organized neurocelhilar mechamsm,” m their discussion 
of anaphylaxis and related phenomena, except, of 
course, as convenient superficial metaphors to express 
apparent or alleged sjmiptoms 


Association News 


MEETING OF COUNCIL AND COUNTY 
SECRETARIES OF THE MICHIGAN 
STATE MEDICAL SOCIETY 

The January session of the Council and the Annual Conference 
of Secretaries of Component County Medical Societies of the 
Michigan State Medical Society will be held at the headquarters 
of the American Medical Association m Chicago, Jan 22 and 
23, 1930 


ADDITIONAL HOSPITALS APPROVED 
by council 

The Council on Medical Education and Hospitals of the 
American Medical Association has given its approval to the 
following hospitals since the publication of the list in The 
Journal, August 31, page 715 


Hospitals Approted for Intern Training 

Santa Oara County Hospital San Jose Calif 
West Side Hospital Clucago. 

Rockford Hospital Rockford Ill 

ProTidcnf Hospital and Free Dispensary, Baltimore* 

Park View Hospital Rock-y Mount N C 


Hospitals Approved for Rcsidcnaes in Specialties 
Children s Hospital Denver 

Univcrsi^ Hospitals State University of Iowa Iowa City 

Mooson State Hospital Palmer Mass 

Mount St Rose Sanatorium St. L^uis 

St Mary s Hospital, St I^uis 

St Mary s In6rmary St Lcruis 

Multnomah Comity Hospital Portland Ore 

Western Pennsylvania Hospital Pittsburgh 


Medical News 


ANNUAL CENSUS OP HOSPITALS 
The Council on Medical Education and Hospitals has just 
mailed out forms for its regular annual census of hospitals 
Infoimation gatficred in this vay is published in the annual 
Hospital Number of The Journal, the 1930 issue of which is 
expected to appear some time in March That issue will con¬ 
tain not onlj newly compiled statistical data regarding the 
hospital field but also the revised list of institutions admitted 
to the Association s Hospital Register, those approved for 
internship and those approved for residencies in specialties 
This survey furnishes the American Medical Association with 
tlie names of all physicians connected with hospitals, including 
staff members, resident physicians and interns, and all who 
use the hospital for the care of tlieir patients Such data help 
the Association greatly in keeping up biographic files regarding 
the whereabouts, as well as hospital connections of phjsicians 
Each intern is given due credit on his permanent record in the 
biographic file Those who take advanced mternships, or resi¬ 
dencies in specialties, or any other work in tlic nature of 
recognized postgraduate instruction are likewise given credit 
Every phjsician and every hospital superintendent, therefore 
should see that the blank forms that have been sent to his 
hospital are filled out and returned. 


MEDICAL BROADCAST FOR THE WEEK 


The American Medical Association Mormng Health 
Talks and Evening Health Hints from Hygeia 

The American Medical Association broadcasts daily at 
10 o clock. Central Standard Time, with the exception of Fridaj, 
when tlie health message is delivered at 9 45, over Station 
WBBM (770 kilocjcles, or 389 4 meters) 

The program for the week of November 4-9 is as follows 


XoTcmber 4 Convulsions in Children—What Do Thej Alean? by 
Dr John M Dodson. 

November 5 Freckle Creams and Hair Removers by Dr Arthur J 
Cramp 

November 6 WTiat Life Insurance Means to You by Dr R. C 
Leland 


November 7 An Afternoon with a Heart Specialist by Dr R G 
Leland 

November 8 Keeping Out Undesirable Immigrants by Miss Mil 
dred Whitcomb 

November 9 The Family Wont Play Up by Dr R. G Leland 


Evening Health Hints from Hygeia, 8 o’Clock, 
Central Standard Time 

J^ovember A Feeding Tuberculosis Patients 
I\o\*eiiiber 5 Helping the Cnpple to Help Himself 
Is,o\ember 6 How to Make a Pretty Child. 

Is o\ ember 7 VTiat the Body Requires from Food 
I\member S School Lunch Should Promote Health 
iNovcmber 9 Guard Childrens E>e3 During School Years 


(Pn\8ICIAN8 niLL COHrER A FAVOR BY SENDING FOR 
THIS DEPARTUENT ITEUS OF NEWS OF MORE OR LESS CEN 
ERAL INTEREST SUCH AS RELATE TO SOCIETY ACTIMTIES 
NEW HOSPITALS EDUCATION PUBLIC HEALTO ETC.) 


CALIFORNIA 

Drs Phillips and Pinkham Reelected —The California 
State Board of Medical Examiners, October 21, reelected 
Dr Percy T Phillips, Santa Cruz, as president of the board 
for his thirteenth term, and Dr Charles B Pinkham, San 
Francisco, as secretary for the seventeenth time Dr Wilham 
R Molony, Los Angdes, was elected vice president 

Health OfiBcers Who Serve Without Pay—One of the 
most conspicuous changes m public health administration m 
California in the last ten years has been the merging of 
municipal health departments with county units (The Journal, 
October 12, p 1150) In spite of the mergers, it is surprismg 
to find, the state health officer says, how many small towns 
there are where able physicians serve as health officers or m 
other public health capacities without receiving any salary what¬ 
ever A large number of such men, it is said, receive from 
$5 to ?25 a month There is one part-time health officer 
of a populous and prosperous community m California 
who serves for $25 a month. Such communities however, 
are becoming fewer and the tendency toward the organi¬ 
zation of strong local health units is increasing More than 
half the people of California now have the privileges that 
come with full time health orgamzation In some communities 
the position of health officer is still combined with that of 
chief of police or chief of the fire department or keeper of 
the pound or other rauniapal office In the extreme rural 
districts, it seems impossible to organize strong local public 
health units, and these places are where the state department 
of health renders a large part of its service The department 
considers that its duef duty is to safeguard and protect the 
health of communities which are unable to provide their own 
public health protection 

Society News —Chauncey D Leake, PhD addressed 
the San Francisco County Medical Society, October 8 on the 
pharmacology and experimental aspect of intravenous anes 
thesia and Dr Emile F Holman on clinical experiences 

with intravenous anesthesia.-The first Herzstem lectures 

sponsored by the Umversity of California and Stanford 
Uiiiversitv medical schools were given October 7-9, by L A 
Orbdli, professor of physiology Medical Institute of Leningrad, 
Russia on “Recently Acquired Knowledge About the Auto¬ 
nomic Nervous System’ These lectures were endowed by the 

late Dr Morris Herzstem of San Francisco-Dr Harry T 

Hollmann Honolulu, addressed the San Diego County ifedical 
Society, October 8 on Molokai Leper Settlement from the 

Inside, and Cases of Leprosy I Have Seen, illustrated- 

Prof Oscar Erankl of the University of Vienna 'will address 
the eighty-first semiannual meeting of the Southern California 
Medical Association, November 9, Beaux Arts Hall, Los 

Angeles on Old and New Vienna’ -Dr Clifford D 

Sweet Oakland addressed the Contra Costa County Medical 
Societv, Martmez, September 10, on Nutrition of the Child ’ 
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-The Mendocino County Medical Society, Wilhts inspected 

the new Howard Memorial Hospital, September 3, at the 
business meeting, the president and secretary were reelected 

-A new $50,000 physiologic and chemical laboratory has 

been completed at the Scnpps Metabolic Qinic, La Jolla, of 
which Dr fcton M MacKay, formerly on the staff of Stan¬ 
ford University Medical School, will be in charge-The Col¬ 

lege of Medical Evangelists^ Los Angeles, announces that the 
second annual series of medical lectures under the Colver Lec¬ 
tureship will be given in the evenings November 5-7, by 
Dr Joseph A Stucky, Lexington, Ky, formerly president of 
the American Academy of Ophthalmology and Otolarvngology, 
on (1) "Our Contemporary Ancestors (2) ‘The Salvaging 
of These 100 Per Cent Americans’, (3) ‘Present Conditions 
and the Future Outlook." 

COLORADO 

Personal —Dr Clement V Marmaduke, after thirty-four 
years’ service witli the Colorado Fuel and Iron Company at 

Minnegua, null retire, January 1-Dr William C Mitchell 

recently went to Ann Arbor, Midi for the Colorado State 
Board of Health to investigate the use of the Kahn test in the 

diagnosis of syphilis-Drs Walter K Reed and Homer R. 

Dietmeier addressed the Boulder Countj Medical Society, Sep¬ 
tember 12, on fractures of the humerus and femur, respectively 
-St. Francis Hospital, Colorado Springs, has let the con¬ 
tract for a $250,000 addition-Dr Mward Jackson, Denver, 

was elected president of the Wills Hospital Soaetv at a meet¬ 
ing, October 25 Ous orpmzation is composed of ex residents 
and surgeons of the Wills Hospital, Philadelphia, which hos¬ 
pital will celebrate its centenmal next year-The Fremont 

County Medical Society, Florence, was addressed, October 3, 
by Dr Leomdas E Rupert on ‘‘Unusual Cases of Appendicitis ’’ 

DELAWARE 

State Medical Meeting and Election at FamhursL—At 
the fortieth annual meeting of the hfedical Societj of Delaware 
at Famhurst, October 8-10, the guest speakers were Drs John 
E MacKenty, New York, whose subject was ‘ Diagnosis of 
Carcinoma of the Lung', Martin E Rehfuss, Philadelphia, 
‘New Studies of Diseases of the Stomach ’ and the following, 
all from Philadelphia Drs Jay F Schamberg, “Treatment of 
SjTihilis in the Light of Modem Advances”, Henry R M 
Landis, "Reports of Rest in the Treatments of Tuberculosis", 
John Eiman, "Diagpiosis of Malignancy ’, Edward A. Schu¬ 
mann, ‘ Review of Modem Views on Toxemias of Pregnancy’’, 
John A Kolmer, “Tmths About Serum Diagnosis of Syphilis” 
and Eldndge L Eliason, “Duodenal Ulcer ’’ Papers were pre¬ 
sented also by mam Delaware physicians There were scien¬ 
tific and commercial exhibits, medical motion pictures, the 
presidents reception and dinner, and an address bv Sir Fred 
enck McGill, London, England Dr Isaac J MacCollum, 
Wyoming was made president for 1930, and Dr William O 
Lamotte, Wilmington, secretary The next annual session will 
be held at Dover, Oct 7-8, 1930 

DISTRICT OF COLUMBIA 

Dinner to Dr Sudhoff —The faculty of Georgetown Uni¬ 
versity School of Medicine gave a dinner, October 19, in 
honor of Dr Karl Sudhoff, who recently retired as professor 
of the history of mediane at the University of Leipzig Among 
those m attendance were Drs George M Kober John A 
Foote, Eugene Whitmore, Prentiss Wilson, Wilfred M Barton, 
Joseph P Madigan, Lieut Col Fielding H Garrison and the 
Re\ J Coleman Nevils and Re\ John Gipprich Dr Sudhoff 
came to this country to deliver an address at the dedication of 
the Institute of the History of hledicme at Johns Hopkins 
Univcrsitj, Baltimore He was a practitioner in Germany for 
more than thirty jears, was a Prussian samtary counalor for 
four >cars, and the first president of the German Soaety of 
the Historj of Mediane He is known as a translator of 
Arabian and Egj'ptian hierogl>'phics and ancient Hebrew texts, 
and has written extensivelj on medical subjects relating to the 
Middle Ages and onental mediane and botan> 

ILLINOIS 

PersonM—Dr Nathan J Hughes was guest of honor at a 
meeting of the Morgan County Medical Societj in October in 
reicbntion of Ins fiftj j-cars of practice in the city of Wavcrlv 
Dr Hughes, now about 75 jears of age and still hale and 
hcartj, graduated from the Cinannati College of Mediane and 
Surgerj in 1879 and after practiang for about seven vears in 
Connth Ky, came to Illinois, later graduating from the Uni¬ 
versity of the City of New York Medical School in 1890 


Society News —Dr Sidney A Portis, Chicago, addressed 
the McDonough County Medical Soaetv, Macomb, October 8, 

on “Peptic Ulcer”'-Dr Victor V Anderson, who is in 

charge of mental hygiene work in a large department store 
in New York, will be the principal speaker at the annual meet¬ 
ing of the Illinois Soaety for Mental Hygiene at the Chicago 
Women’s Club, the evening of November 15 Reservations 
may be made at the soaety’s office, 203 North Wabash Avenue, 
telephone, State •4477 

Twenty-Five New Buildings for the Insane —The state 
architect announced, October 21, that contracts had been let 
for the construction of twenty-five fireproof buildings to supple¬ 
ment the state hospitals for the insane at Elgin, Lincoln and 
Dunning, which urgently need additional room Ten of the 
new buildings will be at Elgin, ten at Lincoln, and five at 
Dunning The architect, in designing the buildings, planned 
them to be a standard, so that the construction of similar build¬ 
ings in the future would be as economical as i^ossible for the 
state. The buildings will be E shaped with dining and recrea¬ 
tion halls at the ends and sleeping quarters in between 

Chicago 

Lying-In Hospital Sold—The cornerstone of the new Chi¬ 
cago Lying-In Hospital and the adjoining septic pavilion on 
the campus of the University of Chicago will be laid, Novem¬ 
ber 5, at a ceremony performed by Dr Joseph B De Lee, 
who has been medical director of the hospital since its founda¬ 
tion Others parbapating will be President Hutchins of the 
university, and Mrs Kellogg Fairbank, president of the hos¬ 
pital board 'There is said to be $1,800,000 on hand to defray 
the cost of building the new hospital The present Lymg-ln 
Hospital at 426 E^t Fifty-First Street, which has been sold, 
it IS reported, for $750,000, will be used as tlie Provident Hos¬ 
pital on completion of the new Lying-In Hospital about Jan¬ 
uary, 1931 

IOWA 

Hospital Beds for the Salaried Man —The Tubus Rosen- 
wald Fund, Chicago, is reported to be assisting the Graham and 
St Joseph’s hospitals, Keokuk, in finanang the illness of the 
“salaried man or his familv” Five two-bed rooms in each 
hospital have been set aside for patients who cannot pay the 
usual charge The Rosenwald Fund will pay SO per cent of 
the difference between the charge in these cases and that for 
rooms which cost $21 a week 

Society News —At the annual meeting of the Dubuque 
County Medical Soaety, September 10, Drs Everett D Piass, 
Iowa City, spoke on pemiaous vomiting of pregnancy, and 
William Jepson, Sioux City, on surgery of the aged There 
was a symposium on gemto-urinary calculi Dr James R 
Guthne and his daughter entertained the society at a luncheon 

The speaker at the banquet was Judge Robert Bonson- 

The Lee County Medical Society, Fort Madison, was addressed, 
September 12, by Drs Bruce L Gilfillan, Keokuk, on use of 
diathermj in treating pelvic organs, and Harold F Noble, 
Fort Madison, on malta fever-Dr Anatole Kolodny, for¬ 

merly of the surgical department of the state university, Iowa 
City, has become associated with Dr Aaron C Conaway, 
Marshalltown, counalor of the Fifth District Medical Soaety 
and president of the Marshall County Medical Society 


MARYLAND 


Dr Willis Succeeds Dr Krause — Dr Henry S K. 
Wilhs, lecturer in clmical medicine at the Johns Hopkins Uni¬ 
versity School of Medicme, has been placed ui charge of the 
Dows Tuberculosis Research Laboratory to succeed Dr Allen 
K. Krause, who resigned from the directorship of the labora¬ 
tory to accept a position at the Desert Sanatorium, Tucson, 
Am Dr WiIIis graduated from Johns Hopkins Medical 
School in 1919, and served as assistant instmctor and associate 
m mediane from 1919 to 1928, when he became dispensary 
phjsiaan of Johns Hopkins Hospital 


uvercommg tne State Board’s Invasion—At the meet¬ 
ing of the Medical and Chirurgical Faculty of Maryland, Octo¬ 
ber 22, Dr Alexius McGlannan, the president, urg^ that the 
membership of the soaety be extended in order to combat tlie 
apparent invasion of the state board of health and of the philan 
ffiropic organizations into the province of the familj physiaan 
He said that the individual practitioner cannot deal with this 
^oblem The director of the state board of health, Dr Robert 
H Rilej, who w-as present welcomed the appointment of a 
committee to act as a cleanng house between the board and the 
medical soaety The chairman of the committee appointed to 
determine whether the state board is infringing on the phjsician’s 
field IS Dr George Milton Linthicum, Baltimore, 



1390 


MEDICAL NEWS 


JoDn A M A. 
2, 1929 


Dedication of the Welch Medical Library—Dr Harvey 
Cushing ^loselej professor of surgery at Harvard University 
Medical School and biographer of Sir William Osier, was the 
principal speaker at the dedication of the Welch Medical 
Librar> of Johns Hopkins Uniiersity, October 17 The new 
building IS in Italian Renaissance, faced with variegated stone, 
surmounted bj a heai'y cornice which shadow's a delicatelv 
sculptured frieze The library represents a consolidation of 
three great collections of books—that of the Johns Hopkins 
Hospital, of the School of Hjgiene and Public Health, and 
of the School of Medicine. It has a capacity of 500,000 \ol- 
umes The racks are identical with those recently installed in 
the Vatican Library Built around the book stacks which form 
the center of the building and rise to its entire height are tliree 
floors, the first two for the library and the upper for the 
department of the history of medicine The ground floor pro¬ 
vides offices for the staff, bindery, smoking and coat rooms, 
and the kitchen From the lobby rises a marble stairway 
At the landing m a niche is a bust of Dr Welch, and at the 
top a broad corridor joining the general reading room and the 
great hall, designed for formal occasions In the wall is a 
huge fireplace At the north end is Sargent's painting “The 
Four Doctors” (Welch, Halsted, Kelly, Osier) The ceding, 
in red and gold, bears the seals of the university, of Johns 
Hopkins Hospital and of the city of Baltimore and the state 
of Maryland With the inauguration of the Institute of the 
History of Medicine, the last of the units was added to Johns 
Hopkins Unuersity Dr Wdliam H Welch presided and 
declared the institute open On this occasion Dr Karl Sudhoff, 
professor ementus at the Unuersity of Leipzig who came from 
Germany as the guest of Johns Hopkins for the purpose, and 



Abraham Fle\ncr, LL D, New York deluered addresses 
Luncheon followed m the great hall of the Welch Library 
Conferences on the history of medicine were held in the after¬ 
noon The Harvey Tercentenary film, depicting the history of 
medicine was shown in the auditorium of the school of hygiene 
The dedicatory program closed with a lecture guen under the 
Hcrter Foundation October 19 by Dr Otto Warburg of the 
Kaiser Wilhelm Institute, Berlin Professor Sudhoff is reported 
to have said that he had been in the large libraries of Europe 
and in some of the finest of Asia but had neier seen such beauty 
combined with admirable facilities as he found in this library 
Dr Welch m whose honor the library is named has taught 
at Johns Hopkins Unuersity School of Mediane for about 
forty-fi\e years as professor of pathology and as dean of the 
medical faculty and director of the school of hygiene and pubhc 
health He is now professor of the history of mediane and 
director of the hbrar/ 

MASSACHUSETTS 

Health at Somerville—Telegraphic reports to the U S 
Dejiartment of Commerce from sixty-two aties with a total 
population of about 29 000 000 for the week ending October 19 
indicate that the lowest mortality rate (61) was for Somcr- 
yille and that the mortality rate for the group of aties as a 
whole wa-s 119 The mortality rate for Somerville for the 
corresponding week last year yvas 81 and for the group of 
cities, 12 2 The annual rate for sixtv-two cities for the forty- 
ty \0 weeks of 1929 was 13 as against a rate of 12.8 for the 
corresponding yyceks of 1928 

Noise and Smoke Cause State Society to Move —The 
Massachusetts Medical Society Ins had its headquarters and 
editorial rooms at 126 Massacliusetts Ayciiue Boston for many 
years Additional rooms were secured from time to time as 
die society grew and these quarters perhaps, would haye con¬ 
tinued to be occupied bv the soaety for the present had it not 
been for the noise and smoke and other handicaps that go with 
such a central location The officers recognized these handi¬ 
caps to editorial and committee y ork and frequently held con¬ 
ferences to decide yyhat should be done The opinion finally 
yvas unanimous that quieter rooms should be sought So for 


the next two years the executue and committee rooms of th“ 
Massachusetts Medical Society and the offices of the Nno 
England Journal oj Medicine will be at 165 Newbury Street, 
Boston This mote in no wav modifies or supplants the origi 
nal expectation of accepting the offer of the Boston Medical 
Library The same arguments for concerted action by the 
society and the library still apply and the campaign for the 
endowment probably yyill soon be resumed 

Medical Center to Tram Family Physicians-Three 
old Boston medical institutions are behind the formation of 
the Neyv England kfedical Center which yyas announced Octo 
ber 16, namely. Tufts Medical College, the Boston Floating 
Hospital and the Boston Dispensary A group of new buildings 
yy'ill be erected consisting of a city dispensary a hospital for 
babies, classrooms and clinical teaching facilities and labora 
tory and operating equipment. The joint administrative board 
IS composed of business men, educators and representatiy es of 
the three institutions Plans call for the enlargement of the 
dispensary the erection of a forty-bed land hospital of the 
Floating Hospital and a building to proy'ide clinical training 
for students at Tufts Medical College The location will be 
on Bennet Street near the Park Square district, the present 
location of the Boston Dispensary In addition to trainmg 
medical students, the center wall provide graduate instruction 
to practicing physicians research m children s diseases, and 
traimng for about 135 nurses a year The three insti¬ 
tutions concerned m the merger will maintain separate identi¬ 
ties, but will share in common the facilities of the group An 
appeal w ill be made to the pubhc for the §1 500 000 necessary 
for the project about $970,000 of which will be for the con¬ 
struction of buildings The announcement states that one prin- 
apal motiye behind tlie consolidation is to bring back to his 
position of importance the family practitioner and the ideals 
yyhich he represents Physicians hay'e been attracted to large 
centers as research men laboratory workers and teachers and 
feyyer and fewer haye gone out to the smaller commumties 
in New England to engage m practice The old family doctor 
yyho, the statement says is the backbone of the medical pro¬ 
fession, IS dying out His revival is one of the pnnapal objects 
of this amalgamation 

MINNESOTA 

Society News—The American College of Physicians will 
hold Its fourteenth annual clmical session at Minneapolis Feb 
ruary 10 14 The general chairman is Dr Solon Marx White 
Minneapolis and tlie e.xeeutive secretary, E R Loveland, 133- 
I3S South Thirty-Sixth Street, Philadelphia 

Garoponlo and Von Schoppelrei.—The Minnesota State 
Board of Medical Examiners reports that George Garoponlo, 
alias Dr George, yvho claimed to be a doctor was fined $250, 
October 7, at St Paul on a charge of violating the basic 
science law in that he attempted to diagnose and treat an ail¬ 
ment which he called syphilis and yvhich in reality yvas a 
minor slan disturbance. The fine was paid. Oscar Von Schop 
pelrei pleaded guilty, October 11, to the crime of abortion and 
yyas sentenced by tlie court to two years of hard labor in the 
state penitentiary at Stillwater His woman confederate was 
sentenced to two years m the state reformatory at Shakopee 
Minnesota Alumni Meeting—For the homecoming at the 
Michigan Minnesota football game, Minneapolis Noy ember 16, 
the Minnesota Medical Alumni Association has arranged a 
saentific program for Fndav (the previous day) which includes 
papers by Drs Leo G Rigler Given H Wangensteen Jen 
nings C Litzenberg Samuel E Sweitzer, Emil S Geist and 
Frank E Burch from the uraversity Drs William R Shan¬ 
non and Ernest M Hammes St Paul and George D Head 
Minneapolis, Edward L Tuohy, Duluth and William F 
Braasch Rochester Luncheon will be served at the University 
Hospital and there ivill be a dinner with entertainment in 
the evening The business meeting will be Saturday morning, 
followed by the game. 

MISSOURI 

Society News —The Buchanan County Medical Soaety, 

St Joseph yyas addressed September 18 by Dr Daniel Morton 

on Malta Feyer -The Jackson County Medical Society, 

I^nsas City, yyas addressed September 24, by Drs Henry J 
Ullnnnn Santa Barbara Cahf on “Roentgen Tlicrapy of 
Mammao Caranoma ’ Robert R. Newell San Francisco, on 
‘ Roentgen and Radium Dosage Especially from a Clinical 
Aspert' and Charles M Richards, San Jose on ‘ Radiography 

of the Mastoid. -Edmund V Cow do PhD, professor of 

cytology at Washington University School of kfediane St. 
Louis lectured on advances in the knowledge of yelloiv feyer, 
October 8, under the auspices of Sigma Xi and the Unuersity 
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of Missouri Sdiool of Mcdicmc, Columbia-The Jackson 

Count! klcdical Socictj iias addressed, October 22. by Dr G 
Wilse Robinson on ‘Tear, Its Effect on Behavior,’ and Octcr 
ber 29, bj Dr Arthur C Qasen, and by Dr Adolph Sachs, 
Omaha on “Hemochromatosis.” Dr Frank M Conhn Omaha, 
addressed the October 15 meeting of the society on “The Out¬ 
look for the Diabetie,’ and Dr Dand S Dann on “The 

Uncoiled Aorta”-^The Jackson County Medical Society and 

the state health autliorities who are eonductmg a earapaign, 
the Kansas City Post says, to stop unlicensed phjsicians from 
pracbcing in Kansas City, filed a charge of illegal practice 
against Dr Otto F Reisman, 101754 Grand Ayenue. His 
arrest, September 13, is said to be the first following the recent 
publication by the state board of health of a list of unlicensed 
practitioners in Kansas City (The Jootnal, August 31 p 700) 

-The Southeast Missouri Medical Association was addressed 

October 1-2, at Cape Girardeau by Drs William G Patton 
and Millard F Arbuckle, St Louis on ‘ Ear Nose and Throat 
Suggestions” and 'Relation of Pulmonary Infections to Upper 
Respiratory Infections," respectiyely-Dr Leon Asher, Uni¬ 

versity of Berne, lectured at St Louis Uniiersity, October 17, 
on “The Hormomc Actinty of the Liver ” 

NEW YORK 

Coimty Society Goes to the Fair —The exhibit of the 
Nassau County Medical Society at the countv fair was a decided 
success An automatic moving picture machme displayed car¬ 
toons and facts on cancer control The object lesson on diph- 
thena, which ivas called "The House of Health,” contrasted a 
home with children who had been immunized against diphtheria 
with another home m which a child had been needlessly sacrificed 
because it had not been immunized The soaety distributed 
literature on these subjects, and had a place for people to 
register questions which they wished to have answered by mail 

Society News—The First District Branch of the state 
medical soaety met at Bnarchff Lodge October 25, Drs 
Foster Kennedy spoke on ‘ Neurology and the General Prac¬ 
titioner' C Ward G Crampton, “The Periodic Health Exami¬ 
nation Campaign,” and John A Card, Poughkeepsie, "Medical 
Insurance ” "rhe president of the Medical Soaety of the 
State of New York, Dr James N Vander Veer, gave an 

address-The New York State Society of Industrial Medi- 

ane held its ninth annual meetmg at the University of Buffalo, 
Octobir 29 Among others, Drs Joshua E Sweet, New York, 
spoke on “Shock,” and Harry E Mock, Chicago, on "Anti¬ 
septics , Claud R. G Forrester, Chicago Immobility of 
Fractures Associated with Mobility Treatment,” and Earl D 
Osborne, “The Preialence of Mycotic Dermatosis in Industry” 

-A symposium on physical therapy was presented before the 

New Rochelle Medical Society, October 21, by Drs Charles 
R. Brooke, Norman E. Titus and Cassius Lopez de Victoria 

-The Medical Soaety of the Countv of Nassau was 

addressed October 29, by Dr Luther F Warren, Brooklyn, 
on "Oimcal Syndromes Seen in Coronary Thrombosis ’ 

New York City 

Anniversary Lecture of Academy of Medicine —The 
New York Academy of kledione. Fifth Avenue and One Hun¬ 
dred and Third Street announces that Dr Simon Flexner, 
director Rockefeller Institute for Medical Research, will dehier 
the anmiersary discourse at the eighty-third annnersary meet¬ 
ing, Tliursday eiening, Noi ember 7, on “The Infinitely Small 
in Biology and Medicine,” 

Dr Bristol Becomes Medical Director of Telephone 
Company —Dr Le\-erett D Bnstol, who, for the last six 
years, has been director of health demonstrations for the MH- 
bank Memorial Fund, has been appomted health director of 
the American Telephone and Telegraph Company wnth head¬ 
quarters in New York. Recently, Dr Bristol made a health 
sun-e\ of the Bell Telephone System m the United States and 
Canada He was formerly commissioner of health in tlie state 
of Maine and professor of public health at the Umiersitj of 
Minnesota 

The World’s Campaign Against Noise —Twenty-one 
cinc organizations ha\-e joined wnth the New York World m 
an antinoise war The World began a senes of articles, Sep¬ 
tember 16, calling attention to the effects of the constant dm 
of the city streets on health Edward K. Titus, tlie reporter, 
interviewed psychologists and health authorities to have them 
explain how the at\ s noise affected the nenous system 
Accomp.nnynng his articles in the ll'orld yyere neyys stones of 
arrests for nolating the noise ordinances The IForld attacked 
principally the squawking loud speaker m front of radio shops 
and It quickly brought results A check-up after a feyy yyecks 
shoyycd that noise from this source liad decreased about 75 
per cent. 


Ten Thousand Physicians tn Educational Campaign — 
The file county medical soaebes of Greater New Tork liave 
engaged on a campaign of public health education to be con¬ 
ducted by tliemsehes to awaken the public to the value of 
prcientiye measures m maintaining health and the role of the 
physiaan as a guardian against disease During Noi ember, 
the importance of penodic health examinations will be emplia- 
sizeA A meeting open to the public mil be held at the New 
York Academy of Medicine, Wednesday eyening Not ember 6 
The department of health is supporting the campaign and the 
cooperation of the public schools, and social, welfare and com 
mumty organizations wuU be enlisted (The Journal, July 20, 
P 216) 

Lepers in New York.—The health commissioner has 
revealed that there are twenty one lepers at large in the aty 
under the supemsion of the health department According to 
the New York Times those ivith open sores are isolated, but 
the otliers are required merely to report regularly and are for¬ 
bidden to handle food There neier has been a case of leprosy 
in New York m yyhich it could be shown that a person had 
been mfected by contact with a leper in the city New York, 
the health commissioner says, has no need to fear the super¬ 
vised lepers in its midst None of them are natiyes of the 
aty 'There are six Russians, five Vest Indians, three Dutch 
Guianans, two Italians, and one each from the Philippines, 
Virgin Islands, Spain, Florida and Louisiana 

Personal—The following physiaans have receiyed appoint¬ 
ments under the Kane Fellowships in Orthopedic Surgery for 
periods of three years Joseph C Risser, Halford Hallock 
Leonidas A. Lantzounis, Walker E Swuft Harold W Smith 
and Manon Beckett Howorth.-Dr James Heyman, Stock¬ 

holm, Sweden, addressed the New York Obstetneal Society, 
October 8 on the radiologic treatment of cancer of the cencx 

-^Dr Walter Beran Wolfe has been appointed psychiatrist 

of the Qiildren’s Court of Manhattan-Df Ornn S Wiglit- 

man was host to the New York Phyrsicians Golfing Associa¬ 
tion at the last tournament of the season at the Hudson Rner 

Country Qub, September 27-A dinner was giyen at the 

New York Athletic Qub, October 19, m honor of Col Albert 
E Truby, second corps area surgeon at headquarters on (joy- 
emors Island who has been ordered to doty m the surgeon 

general s office, Washmg^on,. D C-Dr Louise Pearce of 

the Rockefeller Institute for Medical Research, New York, has 
been elected an honorary member of the British Medical Society 
for the Study of Venereal Diseases 

Society News —Dr William Allen Pusey Chicago, 
addressed the Medical Soaety of the County of New YorL 
October 28 at the New York Academy of Medicine, Fifth 
Avenue and One Hundred and Third Street, on "The Cor¬ 
porate Practice of Mediane,” and Dr Linsly E Williams, on 

“The Practice of Mediane, Indmdual and (iollecby e'-^Thc 

Yorknlle Medical Soaety was addressed, October 21, by Elmer 
V McCollum, Ph.D, Johns Hopkins Uniyersity School of 
Hygiene and Public HeMth, Baltimore on “Where Wc Stand 
Now in Our Knowledge of Nutrition” Those who discussed 
this paper were Dr Alfred F Hess, Henry C Sherman, Ph D 

Dr Carl Sheryyun and Walter H Eddy, PhD-Dr Karl 

Sudhoff, director emeritus of the Institute of the History of 
Mediane, Leipzig, gaye an illustrated lecture, October 22, at 
the Rockefeller Institute for Medical Researcli on ‘Cos and 
Cmdos” under the auspices of the institute, the Charaka Club 
the History of Saence Soaety, and the section of Histoncal 
Mediane of the New York Academy of Medicine, 

-^Thc Merchants’ Assoaation announces the opening of a 

campaign in behalf of a proposed charter amendment which 
would create a netv aty department of sanitation 

PENNSYLVANIA 

Society News—At the fourteenth annual fall meeting of 
the Pennsylvania Radiological Soaety, Stroudsburg, October 25, 
William L Smith of the American Museum of Natural History] 
New York, gave a lantern slide banquet address on From the 
Beginning to Man”, the other speakers at this all-day meeting 

were from various Pennsylvania aties -Tlie Gloucester 

County Medical Soaety visited the Jeanes Cancer and Diag¬ 
nostic Hospital Philadelphia October 24 to inspect the institu¬ 
tion and attend a spcaal program on the early diagnosis of 
cancer which was given by members of the staff 

Philadelphia 

Hosp tal News—Senator-Elect Vare has purchased the 
spaaous country estate of his brother the late Senator Varc, at 
Ambler, which he will giie to the city as a hospital for paralrtic 
pabents The building is old English m style and is adaptable 
to use as a hospital 
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Personal —Dr Judson Daland, professor of medicine. Grad¬ 
uate School of Medicine of the University of Pennsylvania, 
has returned from a six months’ tour of Rhodesia, Uganda and 

Tanganyika-Dr Leopold S Vaccaro has been appointed to 

the surgical staff of the Philadelphia General Hospital- 

Dr Russell S Boles has been appointed chief of the staff of 
ph>sicians at the Philadelphia General Hospital 

RHODE ISLAND 

Society News —The Rhode Island Medical Society held a 
quarterly meetmg, September S, at the Crawford Allen Hos¬ 
pital, East Greenwidi Drs Roland Hammond, Providence, 
spoke on the care of ortliopedic cases, Robert M Lord, on the 
convalescent cardiac clinic, and Murray S Danforth, on 
‘Under-Water Gymnastics m Treatment of Orthopedic 
Diseases ” 

Dr Chapin Awarded Sedgwick Medal—At the annual 
meeting of the American Public Health Association in Min¬ 
neapolis, Dr Charles V Chapin was awarded the William T 
Sedgwick Memorial Medal Dr Chapin, who is a past presi¬ 
dent of the association, has been health commissioner of Provi¬ 
dence for about forty-five years (The Journal, July 13, 
P 127) 

SOUTH CAROLINA 

Personal—Dr Henry H Plowden, for several jears assis¬ 
tant professor of pathology. Medical College of the State of 
South Carolina, Charleston, has been appointed director of the 

pathologic laboratory of the Columbia Hospital, Columbia- 

Dr Washmgton P Timmerman is a nominee for ma>or of 
Batesburg at the November election 

Society News —Dr Charles R. May, Bennettswlle, presi¬ 
dent of the South Carolina Medical Association, addressed the 
Seventh District Medical Association at Sumter, September 12, 
on “Issues Now Being Discussed Among tlie Profession”, 
Drs William W Young, Atlanta “Present-Day Attitude 
Toward Mental Disease’, Austin I Dodson, Richmond, “Some 
Principles in Bladder Therapy”, Addison G Brenner, Char¬ 
lotte, N C, choice of operation on the stomach, and Dreyfus 
O Winter, Sumter, Prevention of Diphthena”, William S 
Burgess, Sumter, gave a report of some operative obstetnc 

cases-The follow ing additions have been made to the faculty 

of the Medical College of South Carolina Dr Francis W 
Porro, lecturer in pharmacology and materia medica, Edmund 
J Farris, assistant in anatom>, and Joseph L Kloti, MSc, 

assistant professor of pharmacy -The Greenville Countv 

Medical Society vvras addressed, October S, by Dr D Lesesne 
Smith, Spartanburg, on ‘ The Southern Pediatric Seminar”, 
by Dr Frank H Richardson, Black Mountain, N C, on 
‘ Postgraduate Work m Pediatrics, and by Dr William L 
Funkhauser, Atlanta, Ga, on Vomiting in the New-Born ” 

-Dr Lawrence G Claj'ton Central, was made president for 

next jfear of the Fourth District Medical Society of Soutli 
Carolina at the October 10 meeting at Central, which was 
attended by about seventy-five physicians The next meeting 
will be at Spartanburg 

TEXAS 

Personal —Dr John O McReynolds, Dallas, formerly Vice 
President of the American Medical Association, has returned 
from Europe, where he was a delegate to the International 
Congress of Ophthalmology at Amsterdam from the Ophthal- 
mological Association of Mexico, and from the Texas Eye, 
Ear Nose and Throat Society 

WISCONSIN 

Beaumont’s Old Army Hospital to Be Restored.—The 
Green Ba> Academy of Medicine has expressed its apprecia¬ 
tion to klrs klary Woolford Hem for donating to posterity 
the old Fort How'ard Infirmary, where jears ago the late 
Dr William Beaumont cared for many soldiers while servmg 
there as an army surgeon The academy appointed a com¬ 
mittee from its members to cooperate with other committees 
in the community to restore this old landmark and the Brown- 
Kewaimee County kledical Society has voted to cooperate in 
this enterprise (The Journal, October 26, p 1316) 

Society News —The Rock and Winnebago county medical 
societies had their annual golf tournament and dinner dance at 

the Beloit Countrj Club, August 21-^The Barron-Polk-Wash- 

bum-Sawyer-Bumett County Medical Society was addressed at 
Barron, September 3 by Dr Harry M Coleman on “Gas 

Gangrene.’-The Pierce-SL Croix Counties Medical Soaety 

celebrated at Hammond August 23 the eightieth birthdaj of 
Dr Eugene L. Bootbbj, who is still “hale and hearty” and in 


practice Drs Louis E Daugherty and Harry P Ritchie of 
SL Paul spoke on “Surgical Treatment of Pulmonary Tuber¬ 
culosis” and “An Appreaation of the Progress of Surgery,” 

respectively-The Central Wisconsin Eje, Ear, Nose and 

Throat Society held its meetmg at the Majo Qinic, Rochester, 

Minn, September 27-The University of Wisconsin Medical 

Society was addressed, October 2, by Dr Leon Asher, pro- 
f«sor of physiology. University of Berne, Swntzerland, on 

The Physiology of the Thyroid,” and the following day by 
Prof F Verzar, professor of physiologj. University of 
Debreczen, Hungary, on “Intestinal Absorption.” 

GENERAL 

International Congress on Phjrsical Therapy—The Fifth 
International Congress on Physiotherapy will be held at Liege, 
Belgium, Sept. 4-8, 1930, and already twentj nations have 
responded to the invitation. The congress will be presided 
over by Professors Gunzburg and De Munter, the president 
of the United States section will be Dr William B Snow, 
New York The questions proposed for consideration are (1) 
"Rheumatism and Physical Therapy," on which papers will be 
presented by Professors Gunzburg, Belgium, Van Breemen, 
Holland, and Wierzejewsky, Poland, and (2) “Affections of the 
Central Nervous System and Physical Therapj,” by Dr Del- 
herm of France. There will be sections on electrology, hydrol¬ 
ogy, radiology and actinotherapy and kinesitherapy Acceptances 
may be sent to Dr Dubois-Trepagne, secretary-general, 25 
Louvtcx Street, Liege, Belgium, with the dues of 150 Belgian 
francs 

Society for Prevention of Blindness —The annual con¬ 
ference of the National Society for the Prevenhon of Blindness 
will be held at the Hotel Chase, St Louis, November 11-13, 
in cooperation with several Missouri boards, commissions and 
assoaations Among the speakers at the Monday luncheon will 
be the president of the St Louis Medical Society, Dr Qeve- 
land H Shutt, and Dr James Stewart, the state health com¬ 
missioner The Armistice Day banquet will be held jomtly 
by the society and the Lloyd R. Boutvvell Post of the Amencan 
Legion The ophthalmologic section of the St Louis Medical 
Society has arranged a public meeting and reception for Tues¬ 
day evening, at which Dr Daniel M Velez, professor of oph 
thalmology at the University of Me.xico, and Dr Ernst Fuchs, 
professor emeritus of ophthalmology at the Umversity of 
Vienna, will speak. Subjects for discussion dunng the sessions 
include ‘Conserving Vision in Industry, ‘Trachoma,” “Social 
Hygiene in Relation to the Prevention of Blindness," ‘Vision 
Justice for the Young Child,” and “Sight-Saving Qasses ” 

The Most Dangerous Thing for Pedestrians—Auto¬ 
mobile acadents in the United States last jear, the National 
Safety Council estimates, killed 27,500 people. E E Free, 
Ph D, m the Week’s Science, says that this represents the 
largest automobile death rate in anj important country of the 
world Automobile deaths in proportion to the population have 
doubled since 1920, but the deaths m proportion to the number 
of automobiles in use have decreased about one third in the 
same penod About six tenths of the automobile deaths in 
the United States, he said, are caused by an automobile stnkmg 
pedestrians Less than two tenths of the deaths are due to 
automobiles colliding with each other A study of these aca¬ 
dents shows that the most dangerous thing that a pedestnan 
ran do IS to cross a street m the middle of the bloclq and the 
most dangerous thing a child can do is to play in the street 
In more than nine tenths of the reported acadents, both the 
driver and the pedestnan were apparently in normal condition, 
only about 3 per cent of the drivers were mtoxicated and about 
half as many pedestnans 

Society News —At the eighteenth annual meebng in Jfem- 
phis, October 7-9, of the International Assoaation of Dairy 
and Milk Inspectors, Ralph E Irwin of the Pennsylvania State 
Health Department was made president and Dr Paul B 
Brooks of the New York State Health Department, Albanj, 
secretary Among the speakers at this meeting were Drs 
Brooks on “Safety First in Milk Sanitation”, Alexander F 
Eagle on “San Francisco’s Milk and Its Problems ” and James 
A Tobey, New York, on Legal Phases of Milk Control ” 

_Hr William H Wilder, Chicago, was elected president of 

the American Academy of Ophthalmologv and Otolaryngology 
at the annual meetmg in Atlantic City, October 24 The next 

amual meeting will be m Chicago-Dr George M Todd, 

Toledo, was made president of the New York Central Asso¬ 
aation of Surgeons at the recent annual meetmg m New York, 
and Dr Thomas W kfoorhead Terre Haute, Ind, voce presi¬ 
dent-Surg Gen. Mcrntte W Ireland U S Army, Wash¬ 

ington, D CC was installed as president of the American 
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College of Surgeons at the annual convention in Chicago, and 
Dr C Jeff Miller, New Orleans, was made president elect 
Planning Negro Health Week—A conference was called 
m Washington, D C, October 19, by the surpeon general, 
tj S Public Health Service, inviting representatives of health 
and social agenacs to consider wajs and means for the six¬ 
teenth annual observance of National Negro Health Week, 
March 30-Apnl 5, 1930 The conference considered the results 
of last rear’s observance. Reports indicated an extension of 
the movement Among the suggestions for the next National 
Negro Health Week were tliat the publications and posters be 
of a reduced size so that thev would permit of wider distribu¬ 
tion at a smaller expense The pictures and texts to he used 
were revaewed at the conference An important part of the 
conference was the discussion on how to make National Negro 
Health Week a full-time and permanent self-perpetuatmg move¬ 
ment It was voted that the National Negro Business League 
and the Tuskegec Negro Conference, vvhidi promote National 
Negro Health Week, submit for consideration a plan for the 
next obseneince, and a definite budget Roscoe C Brown, 
DBS, was designated to cooperate with the public health 
service m the publication and distnbuUon of the official bulletin 
and poster R. W Emerson, representing the National 
Clean-Up and Paint-Up Bureau, which organization donates 
the four prizes given, renewed the offer of these cups and other 
scrvaces which might aid the promotion of this movement 
Southern Medical Association Meeting—At the annual 
meeting of this assoaation m kliaim, Fla. November 19-22, 
the scientific program will be given bv leaders m medicine 
throughout the United States, and from Canada and Cuba 
Tuesdav wall be a clinic daj arranged b) Miami physicians, 
and Wednesday a general dime day with the program arranged 
by the president. The sections and other organizations w ill hold 
yomt meetings, Thursday and Friday An added attraction will 
be joint meetings with the American Society of Tropical Medi¬ 
cine, the Southern Association of Anesthetists the National 
Malaria Committee, and the Atlantic Coast Line Surgeons 
Assoaation. Saentific medicme in every phase will be covered 
m tliese sessions On Wednesday evening presidents night, 
Drs Wilham Gerry Morgan, Washington, D C, President- 
Elect of the American Medical Association Thomas W Moore, 
Htmhngton, W Va. president of the Southern Medical Asso¬ 
ciation, and Francisco M Fernandez, Havana, president of 
Circulo Medico dc Cuba and a membw of the cabinet of the 
president of Cuba, wall speak The president s reception will 
be at the Coral Gables Country Club, which is said to be one 
of the most beautiful in the world The alumni reunions, 
Thursday evenmg, will follow the general session The mens 
golf tournament will be at the Miami Country Club and the 
hdics’ tournament at the Miami Beach Municipal Golf Course 
A trip to Havana Cuba (not far awav), lias bMn arranged for 
thojC who desire to go after the meeting A special train will 
he nm from Cinannati to hfiami For those who motor, 
Florida’s roads will make the trip attractive 

Change of Policy on Chautauqua Health Lectures — 
The Milbank Memorial Fund, New \ ork, has published a report 
by the executive secretary of the Amencan Public Health 
Association, Mr Homer N Calver, on the expenment m 
Chautauqua health education which was undertaken last year 
under the supcrvasion of a committee of the association The 
Milbank Memonal Fund financed the expenment There were 
four lecturers "tent-speakmg for health in the first season 
but, m accordance with a change of policy, only one Mr Fred¬ 
erick M Snyder, was engaged m 1929 The report says that 
375 communities in twenty three states have been reached The 
audiences incorporated m the cliautauqua programs were csti 
mated to total 820 000 persons Mr Calver in his report, 
indicates that this work has resulted m the establishment of 
two full-time county health units m Tennessee and many other 
tangible results The method was something like this An 
experienced health officer employxd by the American Public 
Health Association as an advance scout visited the state and 
local health offiaals preceding the chautauqua into the towns 
and, in his own words unearthed the status of public health in 
that counh and town This local health history was trans¬ 
mitted to the speaker before he gave his address while the 
advance agent whetted the interest of the townspeople in the 
personality and powers of the health speakers When thev 
came to the chautauqua platform the audience was already 
intrrcsted m hearing what was to be said about their tiomc 
I*! According to this report, the chautauqua provides one 
of the Ixist mediums for reaching tlie highest concentration of 
intelligence in the small towoL 

Mescal Bills in Congress —S 1837, introduced by Sen 
aior Blame, Wisconsin proposes to amend the \\ orld War 
V cterans Act to provade that veterans rccemng hospital treat¬ 


ment under section 202 (9) of the act shall be paid a per diem 
allowance of 52 65, and that veterans receivang hospital treat¬ 
ment under section 202 (10) Shall receive a similar allowance 
if they have dependents S 1838 introduced by Senator Blame, 
Wisconsin, proposes to amend the World War Veterans Act 
to provide that when a veteran is showoi to have a "chronic 
constitutional disease or a disease analogous to a constitutional 
disease," mamfesting itself wathin seven vears from date of 
discharge such disease shall be considered of servnee origin, 
and that as the list of such constitutional diseases be promul¬ 
gated It shall be m force as ‘ from the begmmng ” and not 
from the date of promulgation S 1839, introduced by Senator 
Blame Wisconsm, proposes to amend the World War Vet¬ 
erans’ Act to provade (1) that if an ex-servace man is shown 
to have had, within seven years after discharge, a neuropsv- 
chiatnc disease and spinal memngitis, an active tuberculous 
disease, paralvsis agitans, epidemic encephalitis or amebic 
dysentery developing a 10 per cent degree of disability, sucli 
diseases shall be presumed of servace ongm (under existing 
law such diseases are presumed of semce origin if developing 
prior to Jan 1, 1925), and (2) when there is a record of “a 
static or chronic disease or injury made at the time of or 
pnor to inception of active semce any subsequent disability 
resulting therefrom shall be conclusively presumed to be con¬ 
nected with service, S 1913, introduced by Senator Blease, 
South Orohna, proposes that narcotics unlawfully possessed 
by a person, partnership or corporation shall be considered 
exasable merchandise on which the duties have not been paid 
or which have been brought mto the United States contrary 
to law H. R 4708, introduced by Representative Cochran, 
Missouri, proposes to authorize an appropriation of $1.500 000 
to provade additional hospital facilities at Jefferson Barracks, 
Missouri, for disabled war veterans 

FOREIGN 

Personal—The king has renominated Sir George Newman 
as a member of the (General Medical Counal of England for 
five years from October 9-^J W Bigger, professor of bac¬ 

teriology and preventive medicine Trinity College, Dublin is 
^nding October and November in the Umted States and 
Canada visiting medical schools and hospitals under the auspices 
of the Rockefeller Foundation, 

Society for Diseases of Gastro-Intestinal Tract —The 
ninth congress of the Gesellschaft fur Verdauungs- und Stoff- 
wechselko^nkheiten (diseases of digestive tract and disorders 
of metabolism) convened in Berlin Oct 16 to 18, 1929 
(Langenbeck-Virchow'Haus, NW6 Luisenstrasse 58/59) The 
mam topics on the program were critique of pharmacotherapy 
of the digestive tract, pylorospasm, endogenous leanness and 
adiposity cardiospasm, and liver disorders The chairman was 
Hofrat Prof H von Haberer, Dusseldorf Jfoorenstrasse 5 

Tour to Egypt—^The suggestion made in Vienna a year 
and a half ago to conduct tours to other countries to study 
medical conditions and methods has been successfully earned 
out The next journey proposed is to India by way of Egypt 
The party leaves Tnette, December 12, going by way of Venice 
and Athens to Alcxandna and Cairo, where one section wall 
go to Luxor m upper Egypt and possibly to Palestine, and 
another section will leave Port Said Chnstmas Day by way 
of the Suez Canal for Lahore Delhi, and Bombay to inspect 
hospitals and clinics Physicians from abroad washing to join 
the tour should write to Aerztlichc Auslands-Studicnrciscn, 
Vienna I (Austna), Biberstrasse II 1/6 

Aesoevatiow Library Moved and Refurnished —The 
library and reading room of the British Medical Association 
London has been transferred to Hastmgs Hall and entirely 
refurnished and refitted Each reader now has a separate 
table There are facilities whereby members may consult books 
m all branches of medicme as well as books on the allied 
sciences The library has more than 30,000 volumes and every 
important medical book m the English language is added on 
publication The hbranan and the assistant help members 
locate books or find references on any subject These facilities 
arc being made use of to an increasing extent The British 
Medical Association has now aioiilable the new annual note¬ 
book which may be had gratis on application to tlic secretary 
at headquarters Tavistock Square London WCI The new 
edition contains the decisions of the representative body on 
matters of pohev a sketch of the constitution and work of 
the a^ciation lists of members of counals and committees 
and officers 

Deaths in Other Countries 

Theodore Tuffier of the Pans Academy of Medicine ami 
one of the founders of Arclii is incdtco-clitrnrnicn'c^ dc ) ahta- 
rcil ri ff-iralotri October 27, follownng a prostatectomy, aged 71 
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Government Services 


Army Personals 

Major Charles C Demmer has been transferred from the dis¬ 
ciplinary barracks, Fort Leavenworth, to Baltimore for duty 
at the general dispensary. Major Daniel C Hutton from 
William Beaumont General Hospital, El Paso, Texas, to Fort 
Mason, California, for duty as transport surgeon, and Capt 
John L Meddaugh from Fort Mason to Presidio, Monterey 

-Major Louis A LaGarde, Jr, will be relieved from the 

Presidio at Monterey about December 1 and will proceed to 
Fort Sill, Oklahoma, for duty, at which post Capt Alexander 
P Kelly will be relieved Capt Kelly will proceiM to William 

Beaumont General Hospital, El Paso, for duty-^pts 

Robert M Butler and Charles C Gans, having been examined 
for promotion and found physically disqualified for the duties 
of major by reason of disabiht> incident to the service, their 
retirement from active service as major under the act of Con¬ 
gress, approved April 23, 1928, \vas announced, October 4- 

The following reserve officers have been appointed first lieuten¬ 
ants in the medical corps of the regular army and assigned as 
indicated Merritt Gartley Ringer, Chicago, to Fort Sheridan, 
Illinois, Robert R Estill, Bridgeport, Neb, to Fitzsimons 
General Hospital, Denver, Qarence Woodson Hardy, Hutchin¬ 
son, Kan , to Fort Riley, Stakely Fonville Hatchette, Marion, 
Ala , to Fort Benning, Georgia, Charles Laurn Leedham, St 
George, Staten Island, N Y, to Fort Monroe, Virginia, Wilhs 
Hinton Drummond, Los Angeles, to Fort Bliss, Texas Charles 
Chute Gill, San Francisco, to the Presidio of San Francisco, 
and Marcus David Kogel, New York, to Walter Reed General 

Hospital, Army Medical Center, Washington, D C-Major 

Gerald D France has been relieved from Fort McIntosh, 
Texas, and assigned to Fort Bliss, and Capt Clarence U 
Snider from Fort Meade, Maryland, to Fort McIntosh, Texas 

-First Lieut Memtt G Ringer has been relieved from 

duty at Fort Sheridan, Illinois, and ordered to the William 
Beaumont General Hospital, El Paso for duty, Capt Gordon 
A Qapp from Fort Strong, Massachusetts, to Fort Ethan 
Allen, Vermont, for duty, and Lieut Charles L Leedham from 
the general ffispensary. New York, to Plattsburg Barracks 

Navy Personals 

Rear Admiral George T Smith has been relieved of all 
active duty and order^ home, Lieut Coradr John M Huff 
has been transferred to the Marine Recruiting Station Phila¬ 
delphia, effective October 10 Lieut Comdr James F Hooker 
has been transferred to the U S S Lexington, effective Octo¬ 
ber 15 Lieut Houston B Fite has been transferred to the 
Receiving Barracks Philadelphia, effective October 12, Lieut 
Joseph J Kaveney to the U S S Niagara, Lieut Charles B 
Stringfellow to duty as officer m charge marine recruiting sta¬ 
tion, Charlotte, N C , Lieut Comdr Mortimer T Qement to 
the U S S Oglala Lieut Comdr James A Halpin to the 
U S S Marblehead Lieut Comdr Franklin F Murdock to the 
navy medical school Washinrton, D C , Lieut Comdr Russell 
J Trout to navy hospital Boston, Lieut Comdr Deane H 
Vance to the navy air station, Hampton Roads, Va (reassign¬ 
ment) Lieut Comdr Paul W Wilson to the U S S Medusa 
Lieut Winfred P Dana to the navy air station, Hampton 
Roads, Va, for duty involving flying, Lieut Camille M Shaar 
to the navy hospital Pensacola Fla Lieut Roy F Cantrell 
to the U S S Holland Lieut George E Mott to the navj 
hospital, Portsmouth, N H , Lieut Alva A Shadday to navy 
hospital Great Lakes Ill , Comdr Joseph C Thompson has 
been relieved from all active duty and ordered home, Capt 
Raymond Spear has been relieved of all duty to continue treat¬ 
ment at the navy hospital San Diego, Calif , Lieut Paul F 
Dickens has been ordered from the navy medical school, Wash¬ 
ington, D C, to the U S S Relief, Lieut Frank A. Hughes 
from the naval academy, about November 20, to the naval 
station, Guantanamo Bay, Cuba, Capt John L Ncilson from 
the navy hospital, San Diego, Calif, about November 1, to the 
nai'y hospital. Pearl Harbor 


Dr Adams Becomes Medical Director of 
Veterans’ Bureau 

Dr Wmthrop Adams was appointed medical director of the 
U S Veterans’ Bureau, October 23, to succeed the late 
Dr Edgar O Crossman Dr Adams is a graduate of Tufts 
College Medical School Boston 1915 He was appointed acting 
assistant surgeon m the public health service in 1919, and 
before gomg to the headquarters of the veterans bureau in 
1924 was medical exammer for the New England district 


Foreign Letters 


LONDON 

(From Our Regular Correspondent) 

Oct 5, 1929 

The Rabbit as a Source of Postvaccinal 
Encephalomyelitis 

In a letter to the British Medical Journal, Dr Myer Coplans, 
Col W G King and Sir William Simpson of the Ross 
Institute for Tropical Diseases pomt out that the government 
lymph used in eighteen out of the twenty-five cases of post 
vaccinal encephalitis that have occurred in this country was a 
product of the vaccination of calves with lymph derived from 
the rabbit In a recent discussion at the Royal Society of 
Medicine on encephalomyelitis in man and ammals. Dr Tom 
Hare summanzed the pathology of the varieties of encephalo¬ 
myelitis of animals due to filtrable viruses He referred to a 
contagious encephalomyelitis observed in stock rabbits in 1922 
by Twort and Archer, characterized by insidious onset, wasting, 
subnormal temperature and, in some cases, discharge from the 
eyes Coplans, King and Simpson therefore thmk that the use 
of a leporine virus involves a possible risk. The fact that 
true vaccine lymph was issued by the Army Vaccine Institute 
from 1880 to 1910 without disturbing acadents in two million 
cases shows that it is tolerated by subjects of all ages This 
lymph was used not only for men but also for women and 
children. 

Climate and Health 

Since the discoveries of Manson and his followers showed 
that the tropics might be made safe for the white man, the 
influence of a hot climate on the inhabitants of temperate 
climates has been discounted The conversion of the Panama 
Canal Zone from an area m which no white men could live 
and work into one of busthng activity illustrates the view that 
disease and not temperature is the enemy But, in spite of this 
and other examples of the benefits of tropical hygiene, a reac¬ 
tion is taking place Observers have recently stated that climate 
cannot be discounted as a factor influencmg the health and 
work of the v/hite races m the tropics Sir Aldo Castellam, 
in a review of the subject, says that permanent colomzation by 
white men of the low-lymg regions of the tropics, in which the 
climate is moist and hot, is not possible. Such a climate, when 
endured for years, diminishes resistance to disease and has a 
detrimental effect on the nervous system Fertility also prob¬ 
ably decreases after the second or third generation. The 
climate, further, is injurious to the children, "as can easily be 
observed m any distnct of the tropics at sea level ’’ But in 
Queensland white colonization seems to be successful When, 
twenty-five years ago. Kanaka labor was forbidden m the cane 
fields. It was supposed that the knell of the sugar industry had 
been sounded. The yield of sugar in 1905 and 1906 was 152239 
tons, in 1922, with white labor, the yield was 288 000 tons, 
an increase of more than 80 per cent, and white Queenslanders 
of the third generation work as efficiently as if they lived in 
temperate areas They do not show detrimental effects The 
death rate in Queensland m 1913 was 10 4, and the mfant 
death rate was 63, as compared with 13 8 and 108, respectively, 
in Great Britain. Agamst this remarkable example must be 
set that of the white settlers in the Bahamas, which possess a 
subtropical chraate Disease is not prevalent, but there is a 
large proportion of whites—descendants of the same stock that 
has created modem Canada Sir Aldo points out that, accord 
ing to Huntington, the reason of this degeneration is the mertia 
produced by the enervating climate The thermometer never 
goes below 50 F and there is a lack of stimulus to body or 
mind According to Stendel, the same holds for Samoa, where 
the settlers of pure German stock have degenerated 
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Fatalities from Arsphenamme 
Fatalities due to the use of arsphcnaminc m the treatment 
of s>-philis are recorded less frequently than formerlj Whether 
tins IS due to an actual diminution of frequency in consequence 
of improved technic is difficult to saj, for there has al\va>s 
been reason to think that such records nere incomplete Hon- 
ev'er cases do come to light from time to time, sometimes not 
m the form of scientific reports in medical /ounials but as 
reports of coroners’ inquests One of these was held on the 
body of a woman, aged 29, who died in a hospital where she 
had been receiving injections of an arsphenamme preparation 
The government pathologist. Sir Bernard Spilsburv gave evi¬ 
dence that death vvas due to chronic arsenical poisoning The 
house phjsician stated that 20 000 injections were given in the 
hospital yearlj but onlj one death had occurred The deceased 
developed purpura hemorrhagica, which he said, was so rare 
a consequence that onlj twelve cases were recorded Three 
attempts were made to save the womans life by blood trans¬ 
fusion. The coroner vvas satisfied that the injections of the 
arsphenamme preparation had been given with due care and 
recorded a death by misadventure 

Our Unclean Food 

Dr W G Savage, health officer for Somerset, in some 
observations on clean food issued by the Central Council for 
Health Education, saj-s that evasion of the regulations intended 
to insure cleanliness of food is due to the general apathy of 
the consumer If consumers realized the need for clean food 
they would get it, for the enterprising trader would promptly 
cater to the demand, and those who remained dirty m their 
practices would be left with their food on their hands, and 
would have to mend their wajs or go out of business Wc 
want a more active public opinion on these matters rather than 
more laws If we have the laws without an active public 
opinion they will be largelj evaded Dr Savage describes 
how traders continue to expose food to contaminations m spite 
of regulations 

Meat —In the meat markets and shops, not in poor quarters 
only, meat is much exposed to flies and to dirt from passing 
vehicles and not protected by glass screens or even fly proof 
wire screens Prospective buvers handle pieces of meat with 
none too clean fingers and so spread bacteria on them These 
grow rapidly on the meat, so the imtial contamination is quickly 
multiplied many thousandfold. 

IHk —In spite of the recent mlk and dairies order, much 
milk IS obtained from dirt> cows by dirty milkers, and poured 
into vessels which are not clean. Examination of such mdk 
shows huge numbers of bacteria from these sources, and this 
IS why it sours so quicklj in hot weather Dirty handling after 
collection is also common enough 
Fnnt and Vegetables —Vegetables grown in manured soil 
are invanablj contaminated at the source Both fruit and 
vegetables are often exposed for sale under conditions that 
allow heavj pollution from dust by handling \'’egctables arc 
washed and cooked before use, and much fruit is eaten raw 
Ftsb —There is much e.xposure to dust and flies If disease 
germs get into the interior of the fish, as thev will do b> 
growth, frying will not destroj them watli any certamtj and 
outbreaks of tvphoid and other diseases have occurred from 
fned fish 

Bnad —The dirtv handling vvhich a good deal of bread 
receives is obvious, and the wrapping of bread in clean paper 
envelops is practiced bv only a few bakers 

Theater Headaches 

In a discussion on air pollution m places of ciilcrtainmcnl 
^tr I\ G Pj-att, chief saratarj inspector of Cardiff said at 
the conference of the Samtarj Inspectors Association that the 
cliemical properties of the air in theaters and cinemas had 


nothing to do with feelings of discomfort It was entirelj a 
question of the phjsical properties of the air Carbon dioxide 
in the air iti places of entertainment never went to a dangerous 
point If It grew to 1 per cent it was not dangerous What 
an excess of carbon dioxide did indicate vvas tliat the air vvas 
not being changed as frequently as it should be and that venti¬ 
lation was inadequate Recentlj he had caused experiments to 
be made m Cardiff anemas, and it was shown tliat a tempera¬ 
ture of about 62 F was the best. Leonard Hill, the president, 
entirely supported these views He said that there was no 
chemical poison in badlj ventilated buildings The old idea 
that some subtle poison was e.xhaled from people’s bodies v/as 
quite wrong When a person felt miserable and headachy after 
visiting a theater or cinema it was entirelj due to the fact that 
he had been sitting in stagnant air, vvhich caused the want of 
proper loss of bodily heat, and the mucous membranes became 
swollen and congested Movement of tlie air, not onlj in a 
direct current but m eddies, vvas necessary for a proper rate 
of cooling The best way of making a building comfortable 
was to produce a proper degree of warmth m the walls Then, 
if there was a current of air passing through open windows 
or induced by mechanical means, the atmosphere would be 
comfortable 

Negative Results of Ultraviolet Radiation 
Some months ago the annual report of the Medical Research 
Council was published containing a searching critiasm of ultra¬ 
violet radiation m prophjlaxis and treatment (The Journal, 
April 20, p 1364) The Council has now published m detail 
the evidence brought forward by Dr Dora Colebrooke, who 
conducted an experiment with ultraviolet radiation in a Willcs- 
den (Northwest London) school The children, divided into 
(liree groups, were kept under medical observation from August, 
1927, to March, 1928 ’Those m one group, numbering 101, 
were irradiated by light from a carbon arc lamp with a high 
output of ultraviolet rays, ninety-four were exposed under 
the same conditions to the rajs of a similar lamp passed through 
window glass, and the remaining mnety-two did not receive 
irradiation. The children were drawn from a crow^ded area 
and some of tlicm came from poor homes The conditions could 
not be considered so bad as to counteract any favorable effect 
resulting from irradiation, while they fell far short of a 
standard for which no added hvgienic or therapeutic measures 
arc desirable Records were kept of height and weight, of 
incidence and duration of colds and allied conditions, of attack 
rate of infectious diseases, of occurrence of chilblains and of 
progress m school work Comparison of these results show 
(o) For tlie unexposed and unscreened lamp groups, an 
advantage to the former group m everj respect e.xcept in 
progress in school work in which the figures were equal 
(6) For the unexposed and screened lamp groups, an advan¬ 
tage to the former group m every case except in inadence of 
whooping cough and progress in school work, in which the 
advantage was to the screened lamp group 

(c) For screened and unscreened lamp groups, an advantage 
to tlic former group in ail points except the average duration 
of colds, in which the figures were equal, and gam in height, 
in which tlie advantage was to the unscreened lamp group 
While accepting Dr Colebrookes experiment as conclusive, 
the Medical Research Council is careful to limit the inference 
lliat can be drawvi from it. “The results simply mean that the 
kind of light used, applied for the periods and at the intervals 
chosen to children whose health is good enough for attendance 
at school during the months when sunlight and especially its 
ultraviolet component arc deficient has no measurable effect ott 
their health" The conditions maj be open to criticism Until 
tliat has been done it is proper to doubt whether light treatment 
under such conditions will have anv real benefit whether the 
greater incidence of mmor ailments among school children in 
an urban area diinng the winter months is due m anj significant 
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degree to the deficiency in the light as such. But it would be 
no more legitimate to generalize the application of Dr Colc- 
brooke’s negative results than it would be to suggest that 
because ultraviolet radiation will cure nckets it will have a 
beneficial effect on almost any condition of defective health. 

PARIS 

(From Our Regular Corrcspondcni) 

Sept 26. 1929 

The Problem of Hereditary Tuberculosis 

At the annual meeting of the Association fran?aise pour 
I’avancement des sciences, Professor Bernard delivered an 
address in which he discussed the present French conception 
of tlic hereditary transmission of tuberculosis On tlie solution 
of this problem depends the prophylaxis of the disease. A dis¬ 
tinction IS made between the heredity of the virus and that of 
the terrain The facts show tliat the tubercle bacillus is capable 
of traversing the placenta but that this is of such rare occur¬ 
rence that It appears negligible in actual practice. Recent 
articles on the ultravirus have revealed a new mode of passing 
but without enlarging in reality the field of heredity The 
heredity of the terrain withstands no better the critical examina¬ 
tion of the facts All the clinical, sociological and statistical 
arguments tliat have been advanced are insufficient to supply 
proof for the heredity of the terrain, for against it can be 
brought the weight of overwhelming testimony The conclusion 
IS that while the tubercle bacillus may in rare cases be trans¬ 
mitted by heredity, contagion remains the essential factor in 
the propagation of tuberculosis and should govern the struggle 
against the disease. 

Harmful Practices of the Natives of Cochin China 

In all tlie French colonies, the physicians (on whom falls, to 
a certain extent, the task of civilizing the natives) have to 
combat many absurd but tenaciously held age-old practices, the 
persistence of which serves to perpetuate disease among the 
indigenous population In Dahomey, the natives have the habit, 
on the birth of infants, of dressing the umbilical wound with 
ordinary soil, which is infested with the tetanus bacillus, with 
the result that half of the new-born die in infancy from tetanus 
In Cochin China, where a peculiar conjunctivitis prevails that 
IS as dangerous as Egyptian trachoma, the natives insist on 
applying to the diseased conjunctiva the flesh of frogs freshly 
dismembered The frogs of these regions are, however, fre¬ 
quently infested, m their muscles, by a mmute worm that 
invades the mtesbne and often penetrates the subconjunctival 
tissue of human beings and causes grave damage, sometimes 
producing blindness Serious itching results, which induces 
tlie patient to rub his eyes constantly and thus aggravate the 
inflammatiotL Then an edema of the eyelids develops—which 
is frequently followed by abscesses The medicosurgical society 
of Saigon, Cochin China, aroused over the situation, prepared 
a poster in the native language and induced the governor general 
to displav It in all the villages in order to warn the nativr.s 
against this repugnant and dangerous practice. 

A Peculiar Occupational Disease 

Just at present, it is the open season for hunting, and con¬ 
sequently there is considerable consumption of game, the selling 
of game being authorized only durmg the hunting season There 
IS therefore at present much game imported, more particularly, 
quail, hundreds of thousands of these birds being taken when 
they alight on the sandy beaches of Egypt, e.xhausted by their 
long migratory passage across the klediterranean. They arc 
easilv captured w ith a net, and they are shipped in crates, chiefly 
to the market-halls of Pans But they are at present lean, and 
thej are fattened rapidl) in order to have them in good con¬ 
dition for eating To accomplish this recourse is had to the 
stuffing process But while that is easy to do with poultrj. 


owing to the fact that the beak is large enough to permit a tube 
being slipped down the esophagus, through which food is passed 
by force, it is not so easy m dealing with quail, owing to the 
smallness of the beak. Therefore, another procedure is adopted 
In the cellars of the market-halls of Pans may be found some 
fifteen professional gaveurs, or bird stuffers (Italians or Poles, 
usually), who masticate grains and fruit and make a sort of 
pap of It, which IS fed to the quail The operation is earned 
on every day for two or three weeks, each bird being considered 
separately and not sold until it has attained a certain weight 
But It has recently been discovered that this mduslry presents 
a real danger Most of these bird stuffers are from time to 
time pecked on the mouth by the birds, which often leads, m 
the course of two years, to the development of phagedenic ulcers 
on the lips, which degenerate into hornble mutilations, apparently 
the result of an aspergillosis or an actinomycosis The trans¬ 
mission of diseases by the beak of birds is not without precedent, 
A number of years ago, attention was called to a very grave 
type of pulmonary disorder, psittacosis, caused by small parrots 
of the Antilles m persons who allowed these birds to take 
food from their mouths, and this disorder was not only often 
fatal but wms sometimes commumcated to their entourage. 

Creation of a Revolving Solarium 
Hcliotlierapy is coming more and more into vogue. During 
the summer, all the beaches are crowded with persons of both 
sexes—who devote much patient energy to acqmring a coat of 
tan, though without much system and often incurnng the nsk 
of painful dermatitis But many institutes have been created 
in various points in France and Algeria, in which physicians 
administer a truly saentific heliotherapy On the initiative of 
Dr Saidman, a very remarkable type of solarium is being 
erected at Aux-les-Bains, on tlie borders of lac du Bourget, in 
Savoy A revolving solarium, turning on a pivot, is being con 
structed in such a manner as to receive the rays of the sun at 
every hour of the day, since the the front of the solarium, as it 
turns, continues to face the sun The solarium consists of a 
gallery 25 meters long, 6 meters wide, and 4 meters high. One 
observes in the center a projection, which is the office of the 
physicians and affords a view of five booths The whole struc¬ 
ture, by means of a ball bearing mechamsm mounted on rails, 
can be adjusted, m a general way, to the changing position of 
the sun and can be tipped at the most favorable angle An 
elevator installed m the adjacent tower (14 meters high) takes 
the patients up and down. In each apartment, or booth, is the 
concentration apparatus immense reflectors, some of them 
cjlindnc, others flat Their total surface makes possible the 
collection and transmission of considerable quantities of mvis 
ible ultraviolet rays, a lummous power equivalent to more than 
five million candles or a very appreaable caloric energy The 
part played by filters is particularly important, hence, they are 
constantly operative There are panes covered with a thin 
silvery film, which cuts out the infra-red light and allows the 
ultraviolet rays to pass, and monochromatic screens that trans 
init the blue, green or red light with the aid of lenses of 
progressive transparency But to increase the radiation tenfold 
and to select the rays according to the disorder to be treated 
was not sufficient It was necessary, above all, to measure the 
dosage of the action, and that applies not only to the first 
clinical examination but also dunng the course of the irradia¬ 
tions Thus, the sensitiveness of each new patient is tested by 
a method invented by Dr Saidman, which consists m a series 
of successive irradiations of varying duration, the effect on the 
skin of these various irradiations enables the operator to choose 
the best irradiation for the patient in questioa But that 
evidence has not been considered suffiaent, hence, to the irradi 
ated body surface of each patient a thermopile, which trans 
mutes solar rays into a measurable current, is applied. AH 
these indicators will be connected with registering apparatus 
located in the central office of the therapeutist If the quantity 
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of energy being reccned exceeds the prescribed dose, the graph 
M ill indicate the fact by abnormal points, and the phi-siaan will 
reduce the radiation by manipulating the reflectors or the lenses 
Finally, a spectograph of high power will show constantly the 
■ranations of luminosity, thus enabling the phjsiaan to shorten 
or to prolong the sitting in accordance with the caprices of the 
weather Everything has therefore been provided for—even 
the momentary eclipse of the sun by a passing cloud, for, if 
the diminution of the natural solar radiation becomes loo 
marked, a large number of artificial “suns’ are immcdiatcl> 
lighted ultraMolet or infra-red lamps, which prcicnt any 
possible interruption in the flow of radiant energy 

ITALY 

(From Our FcfftiJar Correspondent) 

Sept 15, 1929 

The Honor Roll o£ the Victims of Roentgen Rays 
Professor Mariam, chief surgeon of tlie Ospcdalc di Schio 
has begun the preparation of an honor roll containing the names 
of Italian physiaans who, m the exercise of their profession, 
have been senously injured by the action of roentgen ravs or 
radium. There are many victims of duty who at present arc 
little knowm in Italy The most frequent cases date back to 
the earher jears of the use of radiology, but in recent jears, 
m spite of the fact that the means of protection haic been 
perfected, the number of injuries to physiaans has not been 
slight, owmg to the increasmg use of roentgen and radium 
radiations The president of the Societa di radiologia has 
approved the plan. 

The Death of Professor Francioni 
The death, at Bologna, of Prof Carlo Franciom, director of 
the university pediatric clinic, has been announced Professor 
Franoom was bom in Florence, in 1877 He was graduated 
in 1901, and entered the pediatric school at Mja, in wluch he 
became "assistente" and later 'onito' (aid) In 1915, he was 
appointed to the chair of pediatrics in Bologna, which he held 
until hts death. He is the author of fifty-two published works, 
m addition to collaboratn e articles in a number of treatises 
Of chief importance are his studies designed to explain the 
mechanism of the action of serotherapy and questions of like 
nature The results of his researches are contained m fourteen 
pnnted arbcles He was one of the first advocates of anti¬ 
meningococcic vaccinotherapy, at a time when every one was 
opposed to serotherapj He was the first to propose intra- 
spinal serotherapj m diphtheria He invented an apparatus for 
the measurement of mtraspinal pressure m nervous diseases in 
children. As the result of his researches on convulsions in the 
first months of infancy, he developed the idea of a patliologic 
congenital spasmophilia, in which the predisposing constitu¬ 
tional factor IS very important. In his most recent works 
(1926-1928) he referred the sjmdroine of acrodjiua to an 
encephalitic lesion localized in the diencephalic and the mesen¬ 
cephalic centers His conception, which was based solelj on 
the climcal finding, was confirmed later by pathologic anatomj 
Franciom was a confirmed “constitutionalist” and emphasized 
the importance of early researches on the nurslmg with regard 
to the morphologic tj’pes of Viola, in order to reeogiiiic and 
follow the particular evolubon of the individual He 
bequeathed all his property to the Clinica Pcdiatnca of 
Bologna 

The Riben Prize Contest 

The Accadcmia di medicina of Turin has opened the contest 
for the fifteenth Riben prize of 20,000 lire (?1,0S0) Scientific 
works on anj subject pertaimng to medical disaphncs pro- 
vuded thej constitute real progress in the field with which thev 
deal mav be entered. Pnnted or b-pcwrittcn works (two copies 
being required) composed m Italian, Labn, French, English or 


Gcnnaii arc acceptable. Pnnted works must have been pub¬ 
lished since 1927 In order to be given consideration, books 
to be entered m tlic contest must be received by Dec. 31, 1934 

Aid for Mental Patients m the Province of Milan 
At the Mombello psychiatric hospital m Milan, the newly 
chosen admuiistrators of the pronnee of Milan met recentlv 
to studj tlic problem of how best to care for tlie large number 
of mental patients From reports presented at this meeting it 
became evident that the total number of mental patients in tlie 
pronnee receiving aid at the present bme amounted to about 
4 500, 3,400 of whom are cared for in tlie psjchopathic hospital 
at Mombello, vihcre a suitable work colonj has been created 
The remainder are found in insbtutes for mild cases, such as the 
Ospedale di S Colombano, which cares for 740 chronic patients 
To prov ide for future accretions, it was decided by a committee 
presided over bj Professor Antomm not to construct new build¬ 
ings, bv vvaj of enlarging the Ospedale di Mombello, but ratlicr 
to develop further the institutions for mild cases, with dis¬ 
pensaries and ambulatonums (three at Milan and four out m 
the province), and a retreat for cases of chrome incapacity 
In addition, a workshop {casa dt lavoro) for mild chrome cases 
and agricultural colomes for discharged patients will be estab¬ 
lished Withm two years, however, it is planned to erect a 
provincial psjchiatnc hospital and also a psychiatnc clmic at 
tlic Unii-crsity of Milan. For the criminal insane the commission 
projioscd the creation of ' jrenoconii stafoh di stcurec::a" 

A New Otorhinolaryngologic Society 
Tlic Italian charter members of the recently established 
international soaety Soaeta otonnolanngologica latina are 
Professors Bilanciom, Brunetti, Calamida, Cahceti, Qtelli and 
Milan 

The society will hold a congress every jear, at which will 
be discussed only the official topics and genera] saentific ques¬ 
tion. Individual communications will not be accepted. The 
first congress w ill be held m Madrid Papers will be presented 
on these two topics (1) septicemia of otibc origin, and (2) sinus 
phlebitis The question for general discussion will be “The 
mccliamsm and the reactions of labjrinthine stimulation.” 

Meeting of the Medicosnrgical Academy 
Tlic recent meeting of the Accademia medico-chirurgica del 
Piceno was devoted almost exclusively to a consideration of 
the pathology of the gallbladder Professor Baccarani dis¬ 
cussed the clironic gallbladder sjmdromes not due to calculi 
He explained tlic etiology and pathogenesis of these pathologic 
fonns, vvhicli arc encountered rather frequently m general prac¬ 
tice and pointed out that, in addition to the inflammation that 
IS characteristic of the gallbladder, one may note often a causal 
influence of a hj-potomc or atomc state, or of an abnormal posi- 
Uon or a peculiar anatomic state. He emphasized the diagnostic 
importance of bdiary drainage and mterpreted the results He 
cluadated sonic of the tj-pes of chrome cholecystitis, among 
others, the pscudotuberculous type and the cachectic tj-pe, also 
the cases of repeated attacks of pam in the region of the gall¬ 
bladder due to numerous varieties of gastro-mtestinal syndromes 
of a dj'spcpbc nature and, in some cases, to the influence of a 
right pneumothorax. The treatment will not be the same for 
all forms of chronic cholecystitis not due to calculi but will 
vary according to the pathogenesis of each case He has found 
very cflicaaous medical biliary drainage with the aid of the 
Emhom sound, the technic of which he desenbed 
Professor CappcIIi considered the indicahons for operation in 
choice} atilis The sjieakcr advased a careful selection of cases 
tliat prove to be incurable mcdicallv, for his long experience 
leads him to regard the operative risks including angiocholilis, 
as far from inconsiderable In cases of profound changes of 
the walls of the gallbladder he accepts the indicalioiis for 
cholccvstcctomv but recommends reluming to the conservative. 
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operation of Loreta, cholecjstend 3 Sis, whenever the walls them- 
sehes are practically normal Professor Montanan discussed 
also cholecystography, which is based on the elimination of 
tetrachlorphenolphthalein through the biliary tracts The 
administration may be by mouth or the -venous route Rapid 
evacuation of the gallbladder is then effected by the Bronner 
method Afontanan presented also a number of radiographic 
projections of normal and pathologic gallbladders, which aided 
his elucidations 

Professor Caucci reported the results he had secured m his 
personal cases In fifty interventions on the gallbladder he 
encountered fortj-three true cases of cholecystitis, there were 
two deaths The other cases were associated with appendicitis, 
duodenal ulcer, pancreatitis, and the like 

Professor Sala spoke on the subject of hepatoligamentopexy 
as treatment for stenosis of the biliary tracts in hepatogastro- 
duodenal ptosis The speaker employed this method up to 1922 
and effected complete cures m seven cases In twelve other 
cases he combined hepatopexy with cholecystectomy, with the 
best results These ca'-cs were supported by the roentgenologic 
observations of Dr Marzi 

On the basis of thirty-five personal cases in which he operated. 
Professor Sbrozzi dealt with cholecj sto-appendicitis It is a 
frequent type, and occurs chiefly in younger persons, and more 
particularly in the female se-<. Medical treatment may be 
tried, if It fails, surgical treatment is indicated The preferable 
operation (to be carried out during a remission) is removal of 
both gallbladder and appendix 

Professor Tomni reported on eighteen interventions that he 
performed in cholec>stitis 

Professors Santini, Sette and Prattini took part m the 
discussions 

JAPAN 

(From Our Regular Correspondent) 

Oct 1, 1929 

Epidemic of Cholera 

A Chinese member of the crew of a Norwegian steamer was 
found to have cholera m the Yokohama quarantine station, 
July 7 It -was at the time when the metropolitan police 
were planning to take precautions against the epidemic in China, 
where more than 200 new cases daily were being reported in 
Shanghai A passenger on the Taircnmaru which had touched 
at Shanghai, -was found to have cholera at Tairen, South Man¬ 
churia, July 9 The audionties there disinfected the steamer 
but not before more than 400 passengers had dispersed A 
fireman of the Tertis was found to have cholera m Nagasaki, 
Julj 12 and all seabathing places were closed A freight 
handler on a canal boat in Osaka died of a sudden illness, 
July 16, which was probably cholera. The Osaka authorities 
prepared 25,000 tubes of vaccine for prophylaxis against the 
disease The health bureau in Tokyo took precautions against 
Its inv-asion into the capital 

A freight handler’s joung son m Tokyo fell ill at 3 and 
died at 5 in the afternoon July 21 On the same daj, the wnfe 
of the captain of a sailing ship died of the disease in Kobe. 
Bathing in the sea and harbor and m the neighboring places 
was stnctlj forbidden thereafter A freight handler’s wife was 
reported ill with cholera in Osaka, July 23, and more than 2,000 
freight handlers and sailors were -vaccinated by the health 
officers A fifth case was found in the hospital of the Osaka 
Afedical College and a six-th case in a washerman Imng on the 
Yodogawa Rner, Jul> 24 A patient with the disease died in 
the hospital of the Kjoto Imperial Umversitj on the same daj 
Tlirce more cases were reported in Osaka, July 25, two of 
the patients were the wives of freight handlers A new case 
was reported in Shimonoseki, Julj 27 The man had been ill 
since the 26th, and died on the evemng of the 27th. Two more 
cases in Osaka and one case in Kobe were reported the same 
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dav Five more cases were reported in Osak-a July 28 The 
health bureau gave lectures on the precautions to be taken 
against the disease to seventy fishermen in the Commerce and 
Industry Hall of Marunouchi, Tokjo Three more cases were 
found in Osaka, July 29, in spite of all the preventive work 
done there by the authorities and the people Two more cases 
were reported in Osaka, July 30 One of the patients was a 
merchant in a market place. The market place was disinfected 
and closed temporarily A new case was found m Yokohama, 
July 31 Four new cases were reported in Osaka, September 3 
Two babies died of a suspicious disease at Sakai, a city near 
Osaka, on the same day Three new cases in Osaka and a 
new case in Hiroshima were reported, September 4 'The 
thirty-sixth case in Osaka was reported September 5 A tragic 
story was told concerning a family entirely wiped out by the 
epidemic there. A new case was also discovered m Tottri, a 
CTty near Osaka 

The epidemic seems to have been checked by the sudden cool 
weather caused by the rainy week beginning September 10 A 
new case was reported, September 20, in Aomon, in the north¬ 
eastern part of the mainland It is believed that the disease 
was brought by a freight steamer from the South Sea Islands 
The home ministry published a statement on the total number 
of cases (109) in Japan on September 10 

Studies on Mountain Sickness 

Mountain sickness on Mount Fuji has been studied by the 
professors of the Keio University for the last ten years Drs 
T Kototo, T Iwawo and other medical scholars who are 
interested in mountameenng studied the disorder among the 
mountaineers on Afount Hakuba last summer The results will 
be published in the near future 

The Nightingale Medal to Japanese Nurses 

Two Japanese nurses are to be awarded the Florence 
Nightingale Aledal at the thirteenth mtemational Red Cross 
conference Tliey are AIiss Alidori Kagawa, chief nurse in the 
Red Cross Hospital of Tokyo, and Miss Kei Mizuno, chief 
nurse in the Gumma Branch of the Japan Red Cross Soaety 
Only two other nurses have been awarded the medal m Japan. 

Noguchi Medal 

The French government has awarded a gold medal m honor of 
the researches made on mfectious diseases by the late Dr Hideyo 
Noguchi, who died in Africa during his studies on yellow fever 
The medal was given to his nephew from his native place Aizu, 
Fukushima Prefecture, August 26, through the dejiartment of 
foreign affairs Professor Stem of Ohio Um-versity arrived 
here, September 3, m order to collect material for the prepara¬ 
tion of Dr Noguchi’s biography He went to Noguchi’s 
birthplace to stay lor about two weeks 

Encephalitis 

An epidemic of encephalitis prevailed m this country m 1925 
Only a few cases have been reported since. Last summer, 
however, during the turmoil caused by cliolera, fifteen new 
cases were rejxirted in Ehime Prefecture, and three of them 
ended fatally, September 24 In Kobe twenty-four cases were 
reported September 28 Sixty seven of 151 cases, includmg 
nineteen new cases, have been reported as ending fatally Four 
of eight patients died m the city of Fulaij-ama and the soldiers 
of the Fukuj-ama regiment had to be quarantined in their 
barracks for a time Fourteen cases have been reported from 
Kurashiki In Osaka, the number of the cases has amounted 
to twentj-one including four new cases Okajama is reported 
to have had 213 cases with eighty deaths, while Kagawa has 
had ISO cases with seventy-two deaths Both prefectures were 
in the districts in which the epidemic prevailed in 1925 Ehime 
has had ninety cases with five deaths Other districts in which 
the epidemic has prevailed are Tok-jo, seven cases, five of 
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In microscopic sections 'the pituitary of the thyroidectomized rat and 
the rat with combined thyroidectomy and adrenalectomy have identical 
changes; namely, granulated acidophil cells have disappeared entirely in 
both. Each pituitary is filled with large basophilic thyroidectomy cells, 
many of which contain intracellular hyaline material. These thyroidec¬ 
tomy cells are regarded as cells producing TSH which is secreted in excess 
when the pituitary is released from the inhibiting effect of thyroxin. 
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Fig. 3. Growth curve of litter-mate rats (49R) that are illustrated 
in Figures 2 and 3. 


DISCUSSION 

It is of interest to attempt a correlation of the structural with the func¬ 
tional changes in the pituitary. Several questions arise: Is the disappear¬ 
ance of granulated acidophils in the pituitary of the thyroidectomized 
animals a manifestation of decreased secretion of STH ? Does this mean 
that STH secretion is influenced by thyroid activity? Are the numerous 
acidophils in the pituitary of the adrenalectomized rats responsible for 
accelerated hair growth? Unfortunately, a simple explanation that body 
growth and hair growth are both manifestations of STH and are both cor¬ 
related with numbers of acidophils does not hold because we find that 
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accelerated hair growth occurs in rats with combined thyroidectomy and 
adrenalectomy in which no granulated acidophils are present in the 
pituitarJ^ 

In spite of this apparent inconsistenc}'-, there is evidence accumulating 
from biochemical studies that growth hormone secretion is altered after 
thyroidectomj’^ and after adrenalectomy. 

That there may be an increased amount of growth hormone in adrenalec- 
tomized animals is indicated by the experiments of Engel (1951b) who 
states that in the adrenalectomized animal there is an increased rate of 
protein synthesis and a decreased rate of protein breakdown and thus pre- 
sumabl}'^ the adrenalectomized animal should show a greater growth rate 
than normal, if it were not obscured by reduced appetite of the animal. 
Analyses of the carcasses of normal rats restricted to the same food intake 
as adrenalectomized animals suggested chemical growth in the latter. He 
cites a thesis by J. Winternitz (1942) indicating that specific tissues maj'' 
show enhanced growth rates after adrenalectom 5 ^ 

Tepperman, Engel, and Long (1943) also cite Winternitz’ experiments 
(1942) as suggesting that the removal of the adrenals which normally 
promote protein catabolism results in a relative hyperactivity of the an¬ 
terior pituitary in promoting anabolism. 

Wyman and Turn Sudan (1943) found increased growth of the epiphys¬ 
eal cartilage of adrenalectomized rats, interpreted to mean that adrenal¬ 
ectomy releases growth hormone from the pituitary. It is of interest that 
they found that this increased growth of cartilage began near the end of the 
2nd week after adrenalectomy, i.e. exactly at the time that elapsed before 
hair growth was accelerated in the present experiments. 

Other biochemical studies seem to have a bearing on the question of 
whether growth hormone production is altered after thyroidectomy and 
after adrenalectomy. Hoberman (1950) in studies of amino acid and pro¬ 
tein metabolism gives data which suggest the possibility that the secretion 
or synthesis of growth hormone is influenced by the activity of the thyroid 
gland, and he suggests that “in hypothyroidism the rapidity cf breakdown 
of amino acids is due to a release of the catabolizing system from the in¬ 
hibiting influence of growth hormone.” He states that “adrenalectomy ap¬ 
pears to be responsible for stimulation of protein synthesizing reactions 
whether performed on normal or hypothyroid rats” and he finds that “the 
nitrogen output is significantly lower in the absence of both adrenal and 
thyroid glands than after extirpation of either gland alone.” 

Is hair growth an expression of growth hormone (STH) activity? Hj’^poph- 
ysectomy causes great retardation in regrowth of hair (Snow & White- 
head, 1935). We should not expect hair growth to be completelj'- abolished 
by hypophysectomy, because, as Engel (1951a) suggests, it is generally 
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recognized that “hormones do not initiate or abolish any specific metabolic 
reaction, but simply modify the rate of existing ones.” Both hair growth 
and body growth are suppressed by administration of ACTH or cortisone 
to the normal animal, so one would expect the growth of both would be 
increased after adrenalectomy, if the effects of growth were not masked by 
decreased food intake. 

Van Dyke et al. (1950) suggest that “production of growth hormone by 
the pituitary is not under the control of the blood level of growth hormone.” 
The evidence summarized in the present report suggests the possibility 
that the level of adrenal cortical hormone in the blood may be a means of 
controlling the rate of growth hormone secretion. Thus removal of the 
adrenals would remove an inhibition to the pituitary and release growth 
hormone secretion. 

In the homeostatic regulation of carbohydrate metabolism, it is well 
established that the hypoglycemic effect of insulin secretion by the pan¬ 
creas is counterbalanced by the 2 opposing factors of (1) anterior pituitary 
diabetogenic factor and (2) the adrenal cortical factor promoting gluconeo- 
genesis. If the adrenal cortical factor is removed by adrenalectomy, one 
might anticipate that the anterior pituitary might compensate by secreting 
extra diabetogenic factor. Consistent with this idea is the fact that adrenal- 
ectomized rats, if given sufficient NaCl, will tend to maintain adequate 
levels of blood sugar. Since the anterior pituitary diabetogenic factor has 
been attributed "to growth hormone STH, one might postulate that after 
adrenalectomy there might be compensatory increased secretion of growth 
hormone. 

We should not expect accelerated hair growth to be demonstrable in 
such animals as dogs and cats in which fatal adrenal insufficiency occurs 
too rapidly. 

Aside from these theoretical considerations, the observation of hair re¬ 
growth after shaving offers a very simple method for estimating the ade¬ 
quacy of thyroidectomy or adrenalectomy during the course of long time 
experiments, and may also give an estimate of rate of STH secretion even 
when body weight can not be taken as an index, due to inadequate food in¬ 
take. 

The lack of correlation between granulated acidophils and apparent 
STH secretion can not be explained at present. The absence of acidophil 
granules does not necessarily mean that no STH secretion is produced. The 
actively secreting cell discharges granules and then the cell reverts to the 
chromophobe appearance. Lack of granules may mean that there has been 
an accelerated rate of secretion by the acidophils to the point of exhaustion, 
where all hormone is discharged into the circulation and none is stored in 
the cell. Secretion rate and storage need not run parallel. 
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Whatever is the cause of the accelerated hair growth after adrenalectomy 
it is obvious tliat the changed metabolism takes several weeks to develop. 
This change, once established, is maintained for long periods. In the present 
experiment, no point was reached at which the acceleration of growth of 
hair disappeared. 

Ralli and Graef (1945) reported that DOGA prevented the stimulating 
effect of adrenalectomy on regrowth of hair. At present it does not seem 
possible to place this finding in relation to the results of the present experi¬ 
ments. 

A study of hair growth after combined thyroidectomy and adrenal¬ 
ectomy is recorded by Butcher (1941) who devised experiments to find out 
if accelerated hair growth after adrenalectomy was accomplished by thy¬ 
roid secretion. He used very young rats, underfed so as to reduce the rate 
of hair growth, and thyroidectomized at 36 days of age. In some rats ad¬ 
renalectomy was done at the same time, in others adrenalectomy was done 
7-10 days and 3 weeks after thyroidectomy. He concluded that thyroid¬ 
ectomy had no effects on hair growth after adrenalectomy. However, his 
experiments do not extend over a sufficiently long period to give time for 
adequate decay of thyroid hormone in the circulation, nor could advanced 
pituitary changes take place. Furthermore, the periods of hair growth he 
studied were only 8 or 9 da^'^s. In brief, in Butcher’s experiments, conditions 
were very different from those in the present experiments. 

SUMMARY 

Regrowth of hair after shaving was studied in groups of rats of the same 
sex and age: (1) rats thyroidectomized at 29 to 109 days of age; (2) rats 
thyroidectomized at the same time as in the preceding group and also ad- 
renalectomized 34 to 163 days after thyroidectomy; (3) rats adrenalecto- 
mized at the same time as in preceding group; (4) intact controls. 

Confirming previous studies, it was found that thyroidectomy retarded 
regrowth of hair. 

In adrenalectomized rats, with their thyroids intact, there was a latent 
period of 12' to 23 days, after which hair grew diffusely instead of in the 
normal cycles, and at an accelerated rate. After adrenalectomy in previ¬ 
ously thyroidectomized rats, there was a longer latent period of at least 
one week more than in those with thyroids intact, followed by a diffuse re¬ 
growth,of hair that eventually equalled the growth of hair in adrenalecto¬ 
mized rats with thyroids intact. Microscopic appearance of skin was con¬ 
sistent with the gross findings. 

After thyroidectomy, pituitaries showed the usual disappearance of acido¬ 
phils and development of basophilic “thyi'oidectomy” cells. Subsequent 
adrenalectomy did not reverse these histological changes; that is, acido- 
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philic cells did not reappear. Nevertheless, from the results of other investi¬ 
gators, it seems likely that adrenalectomy does cause the pituitary to form 
more growth hormone. 

In view of the fact that STH is commonly ascribed to the acidophil cells 
of the pituitary, the absence of acidophils in rats with combined thyroid¬ 
ectomy and adrenalectomy, in which accelerated regrowth of hair oc¬ 
curred, is an apparent inconsistency for which there is no explanation at 
present. 
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A RAPID METHOD FOR THE QUALITATIVE AND 
QUANTITATIVE ESTIMATION OF THE PHYSIO¬ 
LOGICAL ACTIVITY OF THE 
ADRENAL CORTEX^ 

ROSCOE 0. BRADY, 

From the Departincnt.of Physiological Chemistry and Endocrine Section of the 
Medical Clinic, School of Medicine, University of Pennsylvania, 
Philadelphia, Pennsylvania 

I T IS apparent to investigators interested in the physiology, pharmacol¬ 
ogy, or physiological chemistrj'^ of the adrenal cortical hormones that a 
rapid method for the qualitative and quantitative analysis of the hormonal 
secretions of the adrenal cortex would be of considerable value. It is the 
purpose of this communication to describe such a procedure and to present 
preliminary data resulting from the application of these techniques. 

EXPERIMENTAL 

For this particular studjq dogs were chosen for the experimental animal. 
The dogs were sacrificed by an intracardiac injection of a lethal dose of 
nembutal. The adrenal glands were quickly removed and placed in ice. 
After removing the connective tissue and fat, the tissues were blotted, 
weighed, and slices prepared with a Stadie sheer. An aliquot was reserved 
for nitrogen analysis. The remainder of the slices were incubated in a large 
Warburg flask containing 20 ml. of the animal's own serum along with 10 
rag. of adrenal cortical stimulating hormone (Armour lot jfl28-105R, 
potency 1.6 times that of LA-l-A standard), 50,000 units of penicillin, and 
0,1 gm. of streptomycin. The vessel was gassed with 95% 0? —5% CO 2 ; 
the bath temperature was 37.5° C. and the time of incubation was 20 hours. 

Following incubation, the adrenal slices and incubating medium were 
homogenized and subjected to fractionation similar to that described by 
Tennent, Whitla, and Florey (1951). The aqueous homogenate was treated 
with 5 volumes of acetone and the precipitated proteins filtered off. After 
removal of the acetone by vacuum distillation, the residual aqueous phase 
was extracted,5 times with ethyl acetate and dried over sodium sulfate. 
The bath temperature for all distillations was 40° C. The ethjd acetate was 
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DISCUSSION 

It is clear that following the incubation of relatively small amounts of 
adrenal cortical tissue, significant quantities of cortical steroid horniones 
can be recovered by the partition and chromatographic techniques. It is 
quite evident that the incubating procedure is of importance in estimating 
the actual elaboration of steroid hormones. The largest quantity of the pre¬ 
dominating steroids obtained by direct isolation employing similar chro¬ 
matographic techniques from beef adrenal glands was 400 /ug. per pound of 
Compounds B and A (Zaffaroni and Burton, 1951). In the present experi¬ 
ments, as much as 100 ixg. of Compound F could be recovered after in¬ 
cubating 1 g. of adrenal tissue. In the studies of beef adrenal glands cited 
(Zaffaroni and Burton, 1951), Compound F was present in the gland in 
quantities considerably less than Compounds B and A. In the present ex¬ 
periments with dog adrenal slices. Compounds F and E were predominant. 
It is certainly possible that this may be due to the difference in the species 
of animals employed (cf. Pfiffner, 1942). The discrepancy between the 
quantity of hormone present in the gland and the actual physiological elab¬ 
oration receives support from the experiments of Hechter et al. (1951) who 
found that the chief hormones elaborated by perfused beef adrenal glands 
were Compounds F and B. 

It is hoped that these techniques will be useful in evaluating adrenal 
cortical function during various stressing conditions. Some experiments 
along these lines are in progress and will be reported later. 

SUMMAKY 

A relatively rapid method for the qualitative and quantitative measure¬ 
ment of the steroid hormone production of adrenal cortical tissue has been 
described. 

The following steroids have been identified and quantitative estimation 
of their elaboration determined; Compounds F, E, A, S, and B. Compound 
F is produced in the greatest quantity; Compound E somewhat less, and 
smaller amounts of A, S, and B were found. 

It is apparent that the steroid hormones recovered after incubation dif¬ 
fer greatly in a quantitative manner from those recovered by direct isola¬ 
tion from the adrenal cortex. 
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A QUANTITATIVE METHOD OF DETERMINATION 
OF THE DIABETOGENIC ACTIVITY OF GROWTH 
HORMONE PREPARATIONS* 


J. MAYER AND DEMETRIA N. SILIDES 

Department of Nutrition, Harvard School of Public Health, Boston, Massachusetts 

A new, rapid and quantitative method of determination of the diabe¬ 
togenic activity of growth hormone preparations has been developed, 
based on the effect of this hormone on obese-hyperglycemic mice. The met¬ 
abolic characteristics of this new Mendelian recessive condition have been 
described in previous publications (Bleisch, Mayer and Dickie, 1952; Gug¬ 
genheim and Mayer, 1952; Mayer, Russell, Bates and Dickie, 1952; Mayer, 
Russell, Bates, and Dickie, 1952). 

Particularly relevant to the question discussed here are the characteris¬ 
tics of the hyperglycemia in the obese mice. This develops as a progressive 
condition, usually after the 12th and before the 18th week of life. The pre¬ 
cise time of onset seems to be conditioned by the presence or absence of 
genes other than "obese” in the genetic composition of the obese mice. 
The hyperglycemia is sensitive to the amount and the nature of the diet. 
It is highly sensitive to growth hormone, being either precipitated (during 
the prediabetic diet) or very much exaggerated (during the diabetic or 
hyperglycemic phase) by a single injection of growth hormone. By contrast, 
the blood sugar of non-obese mice are unaffected even by prolonged, mas¬ 
sive treatment. Decreased glucose phosphorylation rates have been impli¬ 
cated in the etiology of the hyperphagia, in the light of the glucostatic 
theory of regulation of food intake (Mayer, 1952; Mayer and Bates, 
1952). 

Recent results (Mayer, unpublished) indicate that the obese animals 
are characterized by hyperfunction of the alpha cells of the pancreas and 
overproduction of a pancreatic hormone other than insulin. Growth hor¬ 
mone appears to be the trophic hormone corresponding to this new pan¬ 
creatic factor. 


METHOD AND RESULTS 

The property of single injections or of a few injections of growth hormone to increase 
drasticall}’ the blood glucose of obese-hyperglycemic animals is the basis of the proposed 
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metliod. Altliough reliable results were obtained with single injections in diabetic ani¬ 
mals, maximum precision and homogeneity was obtained when using obese mice still 
in the prediabetic period injected for 3 consecutive daj^s with 3 equal doses and effecting 
the determination on the 4th day. The Folin Ferricyanide colorimetric method (Folin, 

T.\ble 1. Effect of three consecutive daily injections of growth hormone on the 


BLOOD SUGAR 

OP YOUNG 

HEREDITARILY 

OBESE- 

•HYPERGLYCEJIIC 

MICE 


Dose 









(mg. growth hormone) 

none 

(saline) 

0.1 

0.2 

0.5 

1 

2 

4 

10 

Number of animals 

10 

s 

S 

7 

5 

4 

4 

4 

Mean blood sugar 
(mg. per cent) 

160 

207 

21S 

230 

248 

303 

355 

507 

Standard deviation 
(mg. per cent) 

+ 20 

+ 12 

+ 9 

±6 

±3 

+ 4 

+ 15 

±32 


1930, 1932) following the Somogjd method of precipitation (Somogyi, 1945) was used. 
The animals were 3 to 4 months old, weighed 40 to 50 g. and were fed Purina Laboratorj" 
Chow. Se.x introduces no variable in the determination. 

A standard curve (given in tabular form in Table 1) was established using a usual 
(Armour) preparation. Doses given are the daily dosage. The results were shown to be 
independent of the method of preparation bj"^ comparing the standard Armour hormone 
with a preparation made according to the directions of Raben and Westermeyer (1951, 
1952) for the isolation of "non-diabetogenic” growth hormone. (Comparison was made 


Table 2. Effect of mode of preparation and of addition op other pituitary 

HORJIONES ON THE BLOOD GLUCOSE RESPONSE OF YOUNG HEREDITARILY 
OBESE-HYPERGLYCEMIC MICE 


Treatment 

Number of 
animals 

Mean blood 
glucose and 
standard 
deviation 
(mg. per cent) 

None (saline) 

10 

160 ±20 

0.2 mg. standard Armour growth hormone 

8 

230 ± 6 

0.2 mg. Raben et al. growth hormone 

6 

225 ±27 

0.2 mg. growth hormone4-0.2 mg. ACTH 

8 

220+ 9.2 

0.2 mg. growth hormone-f-0.2 mg. thyrotropic hormone 

6 

235 ±15 


on the basis of equal nitrogen retaining activity or growth promotion in the hypoph}^- 
sectomized rat.) Possible errors in the method due to contamination by other pituitary 
hormones were studied by determining the effect of adding daily large supplements of 
ACTH and thyrotrophic hormone to the standard growth hormone preparation— 
ACTH (Armour) even in large amounts did not modify the results. Thyrotrophic hor¬ 
mone (Armour) increased blood sugar values onlj' if doses of the same order of magnitude 
than growth hormone were used. The preparation used (Armour) did, however, show 
some growth activity. (Thyroxine, in doses up to 100 yg. per animal does not increase 
blood sugar levels (Mayer et al., in press).) These results are summarized in Table 2. 

DISCUSSION 

This method is simple, quantitative and speedy. It has been repeatedly 
used in this laboratory in studies of purification of growth hormone. It may 
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be emphasized again that, while the experimental conditions described 
represent ideal circumstances for the carrying out of the determination, it 
is possible, whenever available material is limited, to carry out the deter¬ 
mination using single doses. A standard curve should be established with 
single doses of the reference preparation. Sensitivity, though not reproduci¬ 
bility, is increased when more diabetic mice (older animals) are used and 
when a high glucose diet is fed to the animals. 

Preliminary results, indicating many similarities between goldthioglu- 
cose obesity (Waxier and Brecher, 1950) and the hereditary obese hyper¬ 
glycemic syndrome suggest that goldthioglucose-treated animals, more 
readily available, may be used in this bioassay. 

SUMMARY 

A new method for the determination of the diabetogenic activity of 
growth hormone preparations, making use of the trophic effect of growth 
hormone on the blood glucose of hereditary obese-hyperglycemic mice is 
presented. The method is rapid and can be used with hormones prepared 
by different methods, even in the presence of other pituitary contaminants. 

Acknowledgement 

As in previous studies, the mice used in the experiments described here were obtained 
through the generosity of Miss Margaret M. Dickie of the Jackson Memo'rial Labora¬ 
tory, Bar Harbor, Maine. 


REFERENCES 

Bleisch, V. R., J. Mayer and M. M. Dickie: Am. J. Pathol. 28: 369. 1952. 

Folin, 0.: J. Biol. Chem. 88: 85. 1930. 

Folin, 0.: New Eng. J. Med. 206: 727. 1932. 

Guggenheim, K. and J. Mayer: J. Biol. Chem. 198: 259. 1952. 

Mayer, J.: New Eng. Med. Cent. Bvll. 14: 43. 1952. 

Mayer, J. and M. W. Bates: Am. J. Physiol. 168: 812. 1952. 

Mayer, J., R. E. Russell, M. W. Bates and M; M. Dickie: Endocrinology 50: 318. 
1952. 

Mayer, J., R. E. Russell, M. W. Bates and M. M. Dickie: Metabolism (in press, 
November, 1952). 

Raben, M. S. and V. W. Westermeyer: Proc. Soc. Exp. Biol. Med. 78: 550. 1951. 
Raben, M. S. and V. W. Westermeyer: Proc. Soc. Exp. Biol. Med. 80: 83. 1952. 
SoMOGYi, M.: J. Biol. Chem. 160: 61, 69. 1945. 

Waxler, S. H. and G. Brecher: Air. J. Physiol. 162: 428. 1950. 



HORMONAL FACTORS INFLUENCING FAT DEPOSI¬ 
TION IN THE INTERSCAPULAR BROWN ADIPOSE 
TISSUE OF THE WHITE RAT^ 

JEAN-PAUL LACHANCE" and EDOUARD PAGE 

From the Department of Nutrition, Institute of Physiology, Laval Medical 
School, Quebec, P. Q. 

INTRODUCTION 

I T HAS already been reported that prolonged exposure to cold leads to a 
hypertrophy of the interscapular brown adipose tissue in the rat (Page 
and Babineau, 1950), Since in such animals metabolism is necessarily en¬ 
hanced, it was thought worthwhile to investigate the effects of hyper¬ 
thyroidism on the brown fat of rats kept at ordinary room temperature. 
The role of adrenal hormones was also studied in view of the findings of 
Fawcett and Jones (1949) that the functional integrity of the adrenal cor¬ 
tex is essential for the normal complement of lipids in brown adipose tissue. 
It has also been reported that during stress, changes in the weight and 
appearance of this tissue parallel changes in the adrenals (Selye and Ti- 
miras, 1949: Lemonde and Timiras, 1951.) 

MATERIAL AND METHODS 

Young albino male rats of the Wistar strain were used. They were housed in indi¬ 
vidual cages and fed a purified ration supplemented with crystalline vitamins. This ration 
contained 18% protein in the form of casein and 4% fat (Mazola corn oil). Th 3 Toid 
powder (VioBin), when used, was incorporated in the ration at the level of 0.05%. 
Hormones were administered subcutaneously in the following daily doses: thjToxine- 
sodium (BDH) 5 mg./kg. of body weight; cortisone acetate (Merck), 2.5 mg.; DCA 
(Ciba), 2.5 mg; and ACTH (Armour), 2 mg. Thyroxine-sodium was dissolved in dilute 
sodium h3^droxide and 0.9% NaCl was used as a diluent for other hormones when 
indicated. 

Bilateral adrenalectomy was performed in a single sitting through two cutaneous in¬ 
cisions under ether anesthesia. Adrenalectomized rats were given tap water containing 
1% sodium chloride ad libitum. The animals were sacrificed by decapitation under light 
ether anesthesia and the interscapular brown adipose tissue was immediately dissected 
and weighed. It was dried to constant weight in vacuo at 48° C. The dr 3 ^ matter was later 
homog enized in a chloroform-methanol mixture and the fat was extracted therefrom at 
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room temperature according to the method of Folch et al. (1951). The fresh weight of 
the perirenal fat (left side) was used as an index of fat depots, Pag6 and Babineau (1951) 
having found the amount of fat in this tissue to be a reliable guide to total bod}-^ fat. 

Statistical treatment was limited to the determination of the standard error by the 
usual formula where it is equal to (n—1); n(n —2) was used in groups number¬ 

ing less than ten animals. The probabilitj' of identity between values was calculated 
from standard tables for Student’s t. 


RESULTS 

Thyroid feeding 

Thyroid feeding to young rats for a period of two weeks led to a con¬ 
siderable hypertrophy of the brown adipose tissue. This gain in the fresh 


Table 1. Effect of thyroid feeding on the brown adipose tissue 

OF INTACT and OF ADRENALECTOMIZED RATS 


Experiment 1* Experiment 2f 


Intact rats Adrenalectomized rats Adrenalectomized rats 


Group 

Controls 
(beginning 
of expt.) 

Controls 
(end of 
expt.) 

Thyroid 

fed 

Controls 

(end of Thyrmd 

expt.) 

Controls 
(end of 
expt.) 

Thyroid 

fed 

No. rats 

10 

10 

10 

11 10 

6 

7 

Mean body wt., gms. 







Initial 

145 

145 

145 

145 147 

236 

226 

Final 

— 

208 

183 

147 150 

302 

- 266 

Perirenal fat, mg. 

569 ±50 

942 ±110 

410±60 

negligible negligible 

1191 ±300 667 ±300 

PJ 

.01 

.01 




.7 

Brown adipose tissue 







Fresh u-t., mg. 

107 ± 14 

284 ±20 

407 ±21 

1G3±12 197 ±19 

350±32 

554 ±69 

P 

.01 

.01 

(.9)§ .25 


.02 

Water content, mg. 

75±5 

130±11 

130 ±7 

108±9 109±C 

172 ±16 

190±9 

P 

.01 

.9 

(.01) .9 


.3 

Fat content, mg. 

60±8 

113±15 

234 ±20 

24 ±5 56 ±15 

124 ±17 

313 ±26 

P 

.01 

.01 

(.01) .05 


.01 

Fat-free dry matter 







content, mg. 

32 + 3 

41±3 

43±5 

31±2 32±4 

54±7 

51 ±13 

P 

.05 

.8 

(.8) .8 


.8 


* Experimental period: 2 weeks. 

t Experimental period; 36 days; rats thyroid fed during the last 29 days, 
t P = Probability of identity between the two values shown above. 

§ Probability of identity between untreated adrenalectomized rats and controls killed initially. 


weight of the tissue could be entirely accounted for by the increase in fat 
content since no change occurred in the water or fat-free dry matter by 
comparison with control rats killed on the same day (Table 1, Experirpent 
1). It is also seen that fat deposition in the brown adipose tissue was ac¬ 
companied by a reduction of depot fat as reflected in the size of the peri¬ 
renal fat. On the other hand, body growth in untreated animals results in a 
significant increase in all three fractions of the brown fat. This is the gen¬ 
eral picture which was invariably reproduced in all experiments of this 
type. 

The effect of adrenalectomy and of thyroid feeding to adrenalectomized 
rats was studied concurrently. In the case of the non-treated animals, the 
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size of the brown fat at the termination of the experimental period was the 
same as that of control rats killed initially. Its composition was signifi¬ 
cantly altered, however, the fat content dropping markedly'' and being re¬ 
placed by an equal quantity of water (Table 1, Experiment 1). It might be 
argued that the stationary weight of the brown adipose tissue was conse¬ 
quent upon the lack of gain in body rveight of these animals. However, a 
similar growth inhibition of this tissue was observed in a subsequent ex¬ 
periment where the adrenalectomized rats registered substantial gains in 
body weight (Table 2). The results seem to confirm fully the conclusion 
reached by Fawcett and Jones (1949) and mentioned above. 

Table 2. Effect of DCA on the bkown adipose tissue of 

INTACT AND ADRENALECTOMIZED RATS 


Group 


Intact rats 


Adrenalectomized rats 

Controls 
(beginning 
of expt.) 

Controls 
(end of 
expt.) 

DCA* 

Controls 
(end of 
expt.) 

DCA* 

No. rats 

10 

10 

10 

12 

12 

Mean body wt., gms. 






Initial 

140 

141 

140 

140 

140 

Final 

— 

231 

226 

202 

218 

Perirenal fat, mg. 

277 ±35 

1078 ±156 

1148±159 

389 ±95 

549 ±60 

P 

0.01 

.7 

.2 

Brown adipose tissue; 





Fresh wt., mg. 

248 ±20 

291 ±21 

291 ±16 

245 ± 18 

244 ± 16 

P 

.2 

.9 

• 

9 

Water content, mg. — 

142 

126 

126 

99 

Fat content, mg. 

— 

101 

120 

74 

100 

Fat-free dry matter 





content, mg. 

— 

48 

45 

. 45 

4-5 


* Administered during the last two weeks of a three week experimental period. 


Thyroid feeding to adrenalectomized rats caused a slight but not .slpfir- 
cant increase in the fresh weight of the brown fat (Table 1, Expeiim^" I „ 
This increase was confined to the fat fraction, however, and on this cadi;., 
it is significant at the 5% level. Identical results were later obrsHe: 5i 
adrenalectomized rats receiving thyroxine subcutaneously (Tabfe .T. Ii. 
contrast to these findings, when larger rats were adrenalectomizeiaafn^fr 
thyroid powder for an extended period of time, there resultei a iivr^er- 
trophy of the brown fat (Table 1, Experiment 2) comparable kdr^arcaand 
nature to that observed in intact rats similarly treated. It is do-wril if oner 
can exclude in such a prolonged treatment the possible inter/aink.n of ac¬ 
cessory adrenal tissue or even the cortical-like action of anarc 2 sn.t. These 
same rats were also reasonably well supplied with fat reserve? fn crirrra^t: 
to the previous ones so that in the smaller rats, limited re?]:(:!i-.r ro thvro^d 
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feeding or to thyroxine administration may have been partly due to lack of 
mobilizable fat. 

Desoxycorticosterone acetate 

Results shown in Table 2 indicate that the administration of DCA 
has no effect on the size of the brown adipose tissue either in intact or in 
adrenalectomized rats, nor does it affect significantly the amount of depot 
(perirenal) fat. Analyses of the brown fat were carried out on pooled sam¬ 
ples so that the significance of any observed difference cannot be evaluated 
statistically. It may be noted, however, that in both treated groups there 
occurs a rise in the fat content of the brown adipose tissue and a concomi¬ 
tant decrease in water, a unique finding in all our studies to date. 

Cortisone and thyroxine in adrenalectomized rats 

The effect of cortisone in adrenalectomized rats receiving thyroxine cr 
not was next investigated. Adrenalectomized controls received no treat¬ 
ment or were given thyroxine alone (Table 3). It is seen that cortisone 
alone caused a significant increase in the size and fat content of the brc wn 
adipose tissue as compared to the untreated controls. In fact, this hyper¬ 
trophy is as large as that observed following thyroxine or cortisone treat- 


Table 3. Effect of thyroxine, cortisone, and of thyroxine + cortisone on 

THE BROWN ADIPOSE TISSUE OF ADRENALECTOMIZED RATS 


Group 

Control 

Thyroxine 

Cortisone 

Th 3 'roxine 

+ 

cortisone 

No. rats 

10 

6 

10 

10 

Mean body wt., gms. 

Initial 

115 

119 

115 

116 

Final 

135 

125 

132 

115 

Perirenal fat, mg. 

P vs controls 

Brown adipose tissue 

88+20 

negligible 

215+30 

.01 

112+20 

.4 

Total fresh weight, mg. 

P vs controls 

P vs cortisone group 

254 ±18 

309+25 

.1 

.01 

403 + 19 
.01 

546 ±42 
.01 
.01 

Water content, mg. 

P vs controls 

152+9 

162 ±6 
.1 

169±7 

.1 

174 ±10 
.3 

Fat content, mg. 

P vs controls 

P vs cortisone group 

62+8 

99 + 17 
.05 
.01 

182 + 16 
.01 

316 ±33 
.01 
.01 

Fat-free diw matter content. 

mg. 

P vs controls 

40+5 

48+4 

.1 

52 + 6 
.07 

56 ±5 
.02 

E.xperimental period: 14 days; 
day. 

; thyroxine 

or cortisone given 

on the 9th, 

10th and 11th 






January, 195S 


ENDOCEINES AND BROWN FAT 


61 


ment in intact rats (Tables 4 and 5). When given in conjunction with thy¬ 
roxine, the increase in weight and fat content is double that obtained with 
cortisone alone. • 

These results would indicate that cortisone administration restores the 
action of thyroxine which is otherwise greatly impeded by adrenalectomy. 

Cortisone a7id thyroxine in intact rats 

In intact animals, the action of thyroxine is similar to that obtained by 
thyroid feeding (Tables 4 and 5). Cortisone has an effect comparable to 


Table 4. Effect of thykoxine and of cortisone on the brown 

ADIPOSE tissue OF INTACT RATS 


Group 

Control 

Thyroxine 

Cortisone 

No. rats 

20 

10 

8 

Mean body wt., gms. 

Initial 

135 

137 

135 

Final 

170 

149 

140 

Perirenal fat, mg. 

P vs controls 

436+37 

288 ±37 
.02 

328 ±50 
.1 

Adrenal wt., mg. 

P vs controls 

23.7+0.6 

26.6±0.6 

.01 

19.0±1.6 

.01 

Brown adipose tissue: 

Total fresh wt., mg. 

P vs controls 

P vs thyroxine group 

326 ±19 

461 ±26 
.01 

426 ±27 
.01 
.4 

Water content, mg. 

P vs controls 

156 ±7 

157 ±9 
.9 

177 ±7 
.05 

Fat content, mg. 

P vs controls 

P vs thyroxine group 

■ 124 ±12 

254 ±17 
.01 

190 ±17 
.01 
.02 

Fat-free dry matter content, 

46 ±3 

50 ±4 

59 ±6 

mg. 

» P VS controls 


.4 

.08 


Experimental period: 6 days; thyroxine or cortisone given on the 1st, 2nd and 3rd day. 


that of thyroxine with this difference that the water content rises signifi¬ 
cantly and that the deposition of fat is less pronounced (Table 4). Seifter 
et al. (1951) have also reported an increase in the size and fat content of 
this tissue in pregnant rats given cortisone. On the other hand, Antopol 
(1950) working on mice and using relatively larger doses of cortisone ob¬ 
served an atrophy of the brown fat. Sala et al. (1951) report that this tissue 
regresses under the influence of cortisone administered over an extended 
period of time. 

When cortisone is given in conjunction with thyroxine, an apparently 
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Table 5. Effect of thyroxine, thyroxine+cortisone and of ACTH 

ON THE BROWN ADIPOSE TISSUE OF INTACT RATS 


GroujJ 

Control 

Thyroxine 

Thyroxine 

+ 

cortisone 

ACTH 

No. rats 

12 

12 

12 

12 

Mean body wt., gms. 

Initial 

134 

134 

134 

134 

Final 

174 

153 

132 

171 

Perirenal fat, mg. 

P vs controls 

411 +50 

90 + 10 
.01 

100 + 10 
.01 

421+60 

.9 

Adrenal wt., mg. 

P vs controls 

23.7+0.7 

28.1+1.2 

.01 

18.611.4 

.01 

*25.8+0.7 

.08 

Brown adipose tissue 

Total fresh wt., mg. 

P vs controls 

P vs thyroxine group 

310 ±15 

441+15 

.01 

544+29 

.01 

.01 

367122 

.05 

Water content, mg. 

P vs controls 

P vs thyroxine group 

156+4 

151 +5 

0.5 

161 ±9 

0.6 

.3 

17419 

0.1 

Fat content, mg. 

P vs controls 

P vs thyroxine group 

107±11 

240 ±9 
.01 

333+19 

.01 

.01 

134114 

.2 

Fat-free dry matter content, 

47 ±1 

50+3 

50±6 

5914 

mg. 

P VS controls 


.3 

.6 

.01 


Experimental period: 8 days; Rats injected daily, the 6th day excepted. 


additive response is obtained (Table 5). It is to be noted that cortisone in¬ 
duces an atrophy of the adrenals even in the presence of excess thyroxine. 
The fact that this hormone is equally potent whether the adrenals are re¬ 
moved or atrophied points to its preponderant role among cortical hor¬ 
mones with respect to fat deposition in the brown adipose tissue. 

A CTH in intact rats 

The action of ACTH is reported in Table 5. The dosage used was too low 
to increase significantly the size of the adrenals. Nevertheless, the brown 
adipose tissue was significantly hypertrophied and a general increase in all 
three fractions occurred, the rise in fat-free dry matter content being sta¬ 
tistically significant. This response differs somewhat from that obtained 
with thyroxine or cortisone and is more reminiscent of spontaneous changes 
occurring during body growth (Table 1). Baker, Ingle and Li (1950) have 
observed a higher fat content of the brown adipose tissue in rats treated 
for 21 days with ACTH. From the trend shown in Table 5, it can be as¬ 
sumed that a longer treatment would have yielded similar results. 
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Hormonal treatment and depot fat 

With respect to general fat stores, it can be seen that hyperthj'^roidism 
led to a considerable decrease in the amount of perirenal fat in all cases. 
Cortisone, on the other hand, seemed to prevent the loss of fat consecutive 
to adrenalectomy although it did not affect body weight. It also afforded 
some measure of protection against fat depletion in th 3 'Toid-treated adren- 
alectomized rats. These results are in accordance with the findings of 
Stoerk and Porter (1950). In in tacts rats, neither cortisone nor ACTH had 
a perceptilrle effect on depot fat and the same seems to applj'’ to DCA in 
intact and in adrenalectomized animals. 

DISCUSSION AND CONCLUSIONS 

Of chief interest are the findings: (1) that thyroxine elicits a minimum 
response in the absence of the adrenals; (2) that cortisone is equally ef¬ 
fective in intact and in adrenalectomized rats; and (3) that an enhanced 
response is obtained when the two hormones are combined either in intact 
or adrenalectomized animals. There thus appears to exist a synergism be¬ 
tween cortisone and thyroxine in respect to fat deposition in the brown 
adipose tissue. It may be that excess thyroxine given alone exhausts the 
cortisone producing capacity of the adrenal while cortisone given singly 
inhibits the production of thyroid hormone as some reports indicate 
(Money et ah, 1951; Lederer, 1952). 

The origin of this extra fat in the brown adipose tissue remains to be de¬ 
termined. Experiments now underway seem to indicate that it is mobilized 
from fat stores in other regions. In view of the reported antilipogenic ac¬ 
tion of cortisone, one would hardly expect this fat to have been sjmthe- 
sized in situ. It is difficult to correlate our findings with those of Engel and 
Scott (1951) regarding the effect of cortisone on glycogen deposition in the 
brown fat. These authors express the glycogen concentration on a fat basis 
and should cortisone have stimulated fat deposition, it would follow that 
glycogen concentration would suffer an apparent decrease unless the whole 
tissue content in this substance rose proportionately. 

Glycogen deposition in the brown adipose tissue is often considered as 
indicative of fat synthesis (Wertheimer and Shapiro, 1948). However, if 
the fat laid down in the brown adipose tissue originates elsewhere, one maj’’ 
ponder wliether it is later oxidized directly or over the pathway of carbo¬ 
hydrate synthesis. Ingle (1950) has envisaged the possibilit}’- of fat con¬ 
version to carboh 3 '’drate under the influence of corticosteroids and Segaloff 
and Many (1951) suggest that extra urinaiy glucose in phlorizinized rats 
may have arisen from fat. ACTH and cortisone were among the compounds 
having a marked effect on gluconeogenesis and cortisone was much less 
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ketogenic than other such substances. Wells and Kendall (1940), in similar 
studies, had already reported a synergism between the actions of Compound 
E and of the thyroid gland so that the full exhibition of either was depend¬ 
ent upon the presence of adequate amounts of the other hormone. The simi¬ 
lar interrelationship between cortisone and thyroxine in respect of gluco- 
neogenesis and of fat deposition in the brown adipose tissue is striking al¬ 
though no link between the two processes has been shown to exist. 

SUMMARY 

1. Thyroxine and cortisone both promote the accumulation of fat in the 
brown adipose tissue of intact rats and their actions appear to be syner¬ 
gistic. Little or no change occurred in the water and fat-free dry matter 
contents. 

2. In adrenalectomized animals, the response to thyroid hormone was 
minimal while the action of cortisone administered alone or in conjunction 
with thyroxine was comparable to that obtained in intact rats. 

3. The administration of DC A caused no change in the size of the brown 
fat. 

4. ACTH caused a slight hypertrophy of the brown adipose tissue, 
characterized by increases in all three fractions studied. 
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A SODIUM-EXCRETING EFFECT OF DESOXYCORTI- 
COSTERONE IN ADRENALECTOMIZED MICE* 

BRUCE T. FORSYTH, CART. M.C., U.S.A.f 

Army Medical Service Graduate School, Walter Reed Army 
Medical Center, Washington 12, D. C. 

M ethods recently reported for the bioassay of desoxycortisosterone 
(DOC) (Dorfman, 1947; Dorfman, 1949; Deming and Luetscher, 
1950; Spencer, 1950; Simpson and Tait, 1950, 1952; Luetscher and Dem- 
ng, 1951; Marcus, Romanoff and Pincus, 1952) have utilized the action 
of DOC in adrenalectomized animals in decreasing urinary excretion of 
sodium, in increasing the urinary excretion of potassium or in effecting a 
combination of these actions. Little quantitative information has been 
published regarding the optimal sodium loading of the animals used for 
bioassay. Workers employing isotopic techniques have favored a low so¬ 
dium load (Dorfman, 1947; Simpson and Tait, 1952) while those using the 
alteration in the urinary excretion of sodium as determined chemically or 
by flame photometer have favored a high salt load (Luetscher and Dem¬ 
ing, 1951; Spencer, 1950; Marcus, Romanoff and Pincus, 1952). Although 
much is known concerning the effect of water loading in adrenalectomized 
animals (Gaunt, 1944, 1950; Hays and Mathieson, 1945; Birnie, Eversole 
and Gaunt, 1948; Frost and Talmage, 1951) few of these results can be ap¬ 
plied to determining the optimal water load for the bioassay of salt re¬ 
taining steroids, because urinaiy sodium excretion was not adequately 
measured. 

The present studies were initiated to define more precisely the optimal 
sodium and water loads in adrenalectomized mice used for the bioassay of 
DOC. During the course of the sodium loading experiments, DOC was 
found to have a sodium excreting effect in small doses, and the usual sodium 
retaining effect in larger doses. Strain differences in sensitivity to DOC 
were noted in respect to both sodium excretion and sodium retention. 


METHODS 


Method 1 

Male mice, strain CFl Carworth Farms and strain C57 BBFl Roscoe B. Jackson 
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Memorial Laboratory, weighing from 20 to 25 grams were adrenalectomized using a 
single dorsal skin incision. These mice were maintained postoperatively on 0.9% so¬ 
dium chloride solution, hereafter called saline, and “Friskies” dog biscuit containing 
2.8 mg. sodium and 4.8'mg. potassium per gram of biscuit. Tests were performed from 
the fourth to the fourteenth post-operative da 3 '^'. Sixteen hours before assaj’^ solid food 
was removed and the animals were given a 10% solution of glucose or sucrose to drink. 
Desoxycorticosterone (free alcohol) dissolved in 10% ethanol was used throughout 
these studies. The control mice received 0.2 ml. 10% ethanol intraperitoneall}', ap¬ 
proximately 20 minutes before the assay was begun. The appropriate dose of sodium 
loading solution was calculated on the basis of bodj" weight and injected subcutaneousl}' 
using a number 25, two inch needle. In addition to sodium chloride the loading solution 
contained 5% glucose and four m.eq. per liter potassium. Urine was forciblj" expressed 
bj'^ manual pressure over the bladder and the animals were placed in individual 600 
ml. beakers with } inch wire screen platforms over the bottom of the beakers. At the 
end of 5 hours the animals were removed and anj' feces present were discarded. Urine 
was again forciblj’^ expressed from the bladder into the beakers. The contents of the 
beakers were transferred to volumetric flasks using four washes of distilled water. 
The total amounts of sodium and potassium in the urine were then determined with 
the AVeichselbaum-Varnej" flame photometer. 

Method 2 

It was noted that the ph 3 ^sical condition of the mice was often poor using Method 1 
and the mortality during assa 3 ' occasionall 3 " was 10-20%. For this reason the following 
modification was investigated. Nineteen hours before assay solid food was omitted and 
a solution of 10% glucose in 0.9% saline was used for drinking. Three hours before 
assa 3 ’' the mice were given onl 3 " 10% glucose to drink. During the 5 hour assa 3 " period 
a cube of table sugar was placed in each beaker. Strain BBFl mice ate the sugar very 
well, but strain CFl mice largel 3 ' ignored it. The sugar used contained approximately 
0.06 mg. of sodium and 0.01 mg. of potassium per gram. In view of the small amount 
of sugar contaminating the urine, this source of error can be overlooked. 

RESULTS 

Strain CFl Mice, Method 1 

Mice of this strain were given loading solutions containing 0.5 mg., 0.3 
mg., 0.1 mg. and 0.025 mg. of sodium chloride per gram of body iveight 
administered subcutaneously in a volume of 0.5 ml. To observe the effect of 
the volume of loading solution on sodium excretion and DOC sensitivity 
the 0.5 mg. per gram, 0.1 mg. per gm. and 0.025 mg. per gram doses of 
sodium chloride were also injected in a volume of 2 ml. The excretion of 
sodium per gram of body weight under these experimental conditions with 
and without DOC are presented graphically in Figure 1. The decrease of 
urinary sodium produced by DOC was most evident ivith 0.5 mg. per gram 
of iveight in a volume of one half ml. With this load a significant decrease 
in sodium excretion was apparent with 10 /xg. of DOC (P = 0.007). When 
the same amount of sodium chloride was given in a volume of 2 ml. a dose 
of 25 fig. of DOC 3vas required to establish a significant decrease in sodium 
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Fig. 1. The urinary sodium excretion in the strain CFl mouse and its response to 
desox 5 'corticosterone with various fluid and NaCl loads. Standard error of the mean 
indicated in onl)’ one direction to avoid overlap. Each point represents the mean of 
from 8 to 35 animals. 

excretion. With sodium loads less than 0.5 mg. of NaCl per gram of weight 
the control sodium excretion was correspondingly reduced. The absolute 
decrease in sodium excretion following DOC under these circumstances 
was small and too valuable to be useful for assay. From these results pre¬ 
treatment with 0.5 mg. NaCl per gram of body weight in 0.5 ml. was the 
most favorable condition for demonstrating the salt-retaining action of 
DOC. 

Strain CFl Mice, Method 2 

Allowing adrenalectomized mice access to saline drinking water until 3 
hours before assay in effect increases the salt load. The excretion of sodium 
with and without DOC under these conditions is presented graphically in 
Figure 2. Urinaiy sodium actualty increases with doses of 5 and 10 y.g. 
of DOC. Not until a dose of 25 yg. of DOC was given did a fall in urinary 
sodium from the maximum value occur. A statistical analysis of these re¬ 
sults is presented in Table 1. 
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1/2 ML FLUID LOAD 
0.5mg NACL/gm BODY WT • 
X—XCFI MICE METHOD I 
X- -XCFI MICE METHOD 2 
0--0BBFI MICE METHOD 2 

2 ML FLUID LOAD 
0.5mg NACL/gm aWT. 
O-OBBR MICE 
J METHOD 2 

T T Standard Error 
-LNJ Of The Mean 


0 . 06 ^ 


-=>- 

<o 0.02- 

LlICD 



Controls’ 


2.5 5.0 10.0 15 

DOSE>ig. DOC 


Fig. 2. The comparative effect of desoxj'corticosterone on the urinarj' sodium excre¬ 
tion of strain CFl mice and strain BBFl mice. Standard error of the mean indicated in 
only one direction at times to avoid overlap. Note different scale from figure 1. 

Strain BBFl Mice 

To find mice more sensitive to DOC than the CFl strain, mice of the 
C57 BBFl strain were tested. These mice tolerated sodium restriction very 
badly and when tested with Method 1, the mice were in such poor condi¬ 
tion that sodium excretion was always veiy low regardless of fluid or so¬ 
dium load used. For this reason studies on this strain are limitd to Method 
2. With a sodium load of 0.5 mg. NaCl per gm. body weight and a fluid load 

Table 1. The sodium excreting and retaining effect of 

DESOXYCORTICOSTERONE IN STRAIN CFl MICE 


Controls 


10 /ig. 

DOC 


No. of Animals 


25 iig . 
DOC 
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of 0.5 ml. DOC had a pronounced sodium excreting effect (Fig. 2). Maxi¬ 
mal sodium excretion occurred with 5 jug. DOC in contrast to the strain 
CFl mice which required 10 ^g- DOC for maximal sodium excretion. A 
nearly linear fall in sodium excretion occuri-ed when plotted against the 


Table 2. The sodium excreting and retaining effect of 

DESOXrCORTICOSTERONE IN STRAIN BBFl MICE 



Control 

1 KB. 

DOC 

2.5 kb. 

5.0 Kg. 

15 Kg. 

15 Kg. 

25 Kg. 

No. of Animals 

22 

10 

8 

20 

20 

8 

11 

Mean mR. Na excr. per gm. 
body \vt. per 5 hr. period 

O.OS84 

0.1309 

0.H80 

0.1635 

0.1256 

0.1083 

0.0897 

Standard error of mean 

+ .0088 

± .0083 

+ .0137 

± .0102 

+ .0112 

±.0192 

+ .0138 


logarithm of the dose at levels of 10 iig., 15 Mg- and 25 Mg- doses of DOC in 
the BBFl mice. (The numerical values are analyzed in Table 2.) When the 
same amount of sodium chloride was given in a volume of 2 ml. (Fig. 2) 
no increased excretion of sodium occurred with small doses of DOC. The 
promotion of sodium excretion by 5 Mg- of DOC decreased markedly with 
increasing fluid load (Fig. 3). 



Fig. 3. The effect of increasing fluid load on the maximal urinary sodium excretion 
of BBFl mice produced by 5 Mg- DOC. Each point represents the mean of from 7 to 20 
animals. , 
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To minimize intestinal absorption of exogenous sodium, the drinking 
water containing sodium chloride was removed 5 hours rather than 3 hours 
before study. The control sodium excretion was somewhat lower in these 
experiments with a mean of 0.0601 mg. per gm. body weight per 5 hours, but 
increased excretion of sodium again occurred with 5 /xg- DOC, the mean 
being 0.1006 mg. per gm. body weight per 5 hours. 

Not only did the total amount of sodium but also the concentration of 
urinary sodium increase in strain BBFl mice given 5 iig. DOC. Thus at the 
beginning of the assay 3 hours after removal of saline drinking water, the 
mean sodium concentration of the urine was 243 m.eq. per kilogram of 
urine (S.E.= +41). Three hours after receiving 5 /x.g- DOC the mean 
sodium concentration of the urine was 424 m.eq. per kilogram of urine 
(S.E.= +45). This difference is significant (P = 0.01). Urinary excretion of 
potassium was not significantly altered by doses of DOC up to 25 jug- 

DISCUSSION 

Speirs et al. (1951) were able to demonstrate that the strain of mice 
C57 BBFl was about ten times more sensitive to cortisone as judged by 
eosinophil response than other strains tested. Our results indicate a com¬ 
parable sensitivity to DOC in this same strain. These mice require 5 fig. 
DOC to reach maximal sodium excretion while strain CFl mice required 
10 fjLg. DOC for maximal sodium excretion. Significant sodium retention oc¬ 
curred in strain BBFl mice with 10 jug. DOC, but strain CFl mice required 
25 jug. DOC for significant sodium retention. It would appear that mice of 
the C57 BBFl strain are two to three times more sensitive to DOC than 
the mice of the CFl strain. 

The use of the C57 BBFl strain for the bioassay of DOC seems possible 
under the conditions specified because of the wide differences in urinary 
sodium with doses of DOC from 1 jug. to 25 jug. The biphasic character of 
sodium excretion with DOC would necessitate testing several dosage levels 
of the material to be assayed in order to locate the value on the ascending 
or descending slope of the curve of urinary sodium excretion. 

The promotion of sodium excretion in our experiments was unexpected. 
However, desoxycorticosterone has been shown to cause sodium excretion 
in Cushing’s syndrome (Soffer, Gabrilove and Jacobs, 1949) and in normal 
dogs receiving high salt loads (Green, Farah and Klemperer, 1950). Large 
doses of desoxycorticosterone glycoside intravenously in humans with 
presumably intact adrenals causes sodium excretion, but with a fall in 
urine sodium concentration (Green et al., 1950). The nearly twofold in¬ 
crease in control sodium excretion effected by 5 jug. DOC in adrenalecto- 
mized mice of the BBFl strain could be largely attributed to increased 
urinary sodium concentration. Gastrointestinal absorption of sodium ap- 
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pears to contribute little to the sodium diuresis produced by DOC. Sodium 
excretion with 5 jug- DOC increased approximately to the same degree after 
animals had been off saline drinking-water for 5 hrs. Increasing the subcu¬ 
taneous fluid load decreased or abolished the sodium diuresis produced by 
DOC. 

It is known that dogs (Roemmelt, Sartorius and Pitts, 1949) and rats 
(Friedman, 1948; Lotspeich, 1949) maintain a normal glomerular filtration 
rate for a period of time after adrenalectomy when adequatelj'' hydrated. 
Animals used in this study had free access to saline solution and were used 
for a maximum period of seventeen days after adrenalectomy. It is sug¬ 
gested, therefore, that increasing glomerular filtration rate was probably 
not the mechanism whereby DOC caused increased sodium excretion in the 
present experiment. Adrenalectomized dogs and patients with Addison’s 
disease have a reduced capacity to excrete sodium under a high sodium 
load due to increased tubular, reabsorption of sodium (Roemmelt, Sartorius 
and Pitts, 1949; Burnett, 1951). The sodium diuresis in the present experi¬ 
ments would seem to be due to a depression of tubular reabsorption of 
sodium with small doses of DOC, thus restoring to the adrenalectomized 
animal a more normal ability to excrete high sodium loads. As the dose of 
DOC is increased the depression of tubular reabsorption of sodium with 
small doses of DOC is followed by the more familiar increase in tubular re- 
absorption of sodium. The data at hand do not permit elucidation of the 
mechanism of depression of tubular reabsorption of sodium by DOC. 

SUMMARY 

The optimal conditions for demonstrating the action of DOC in adrenal¬ 
ectomized mice have been studied. A sodium load of 0.5 mg. NaCl per gm. 
of body weight proved most satisfactory. DOC in small doses promoted 
sodium excretion under high sodium loads while sodium retention oc¬ 
curred with larger doses of DOC. Adrenalectomized mice of the BBFl 
strain are two to three times more sensitive to DOC than mice of CFl 
strain. 

The increased sodium excretion with small doses of DOC could be ac¬ 
counted for by increased urine concentration of sodium. The sodium diure¬ 
sis can best be explained by decreased tubular reabsorption. 
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EFFECTS OF ANDROGENS ON DEHYDROGENASE 

SYSTEMS 

SUMNER M. KALMAN 

From the Department of Pharmacology and Therapeutics, Stanford University 
School of Medicine, San Francisco, California 


W E RECENTLY reported an inhibitory effect on the succinoxidase 
system of rat liver homogenates by certain water-soluble androgens 
(Kalman, 1952). There was some evidence in this work that succinic dehy¬ 
drogenase was the target of the inhibitor. Because different dehydrogen¬ 
ases respond similarly to a number of inhibitors it was decided to try the 
effect of the androgens on the malic dehydrogenase system. In addition 
certain observations regarding kinetics of succinoxidase inhibition are in¬ 
cluded in this report. 


METHODS 

Adult white rats of the Slonaker-Wistar strain were used. No sex differences in re¬ 
gard to the work reported were noted and males and females were used interchangeablj'. 
The animals were killed b}' decapitation, and appropriate amounts of liver tissue were 
removed, weighed, and homogenized in cold, distilled n'ater. Homogenates were pre¬ 
pared as described by Potter and Elvehjem (1936). For each enzyme S 3 'stem control 
runs were made to ensure that optimal amounts of all components were present. Control 
QO 2 values fell within the range of conventional results. Calculations of ox}"gen con¬ 
sumption were based on time peiiods during which control vessels showed essentialh^ 
linear oxj'^gen uptake. The gas phase for all sj'stems was ox}'gen. In addition to the 3.0 
ml. of reaction mixture, 0.1 ml. of 5% KOH was placed on filter paper in the center 
well of each vessel. 

For the malic deh 3 ^drogenase assa 3 ’- the method of Potter (1946) was used. The War¬ 
burg vessels contained 0.3 ml. each of 0.5 M malate, 0.5 M glutamate, 1% diphos- 
phop 3 U’idine nucleotide (DPN) solution, 0.0004 M c 3 'tochrome C, 0.8 ml. of 0.1 M PO 4 
buffer at pH 7.4, inhibitor and homogenate in amounts specified below, and distilled 
water to make 3.0 ml. The DPN was added from the sidearm at the start of the re¬ 
action. Nicotinamide was omitted because it did not enhance o.xygen consumption 
over the time periods emplo 3 '’ed. 

The succinoxidase S 3 ^stem used was that described in Umbreit’s text (1949). The 
reaction vessel contained 0.3 ml. each of 0.004 M CaCL, 0.004 M AICI 3 , 0.0001 j\I 
cytochrome C, 0.5 M succinate, 1.0 ml. of 0.1 M POi buffer at pH 7.4, and inhibitor as 
described below. A 5% liver homogenate was prepared in the usual way and then 
centrifuged for 10 minutes at 600Xgravit3^ Homogenate from the supernatant was 
added to reaction vessels which had been filled with the other reactants and chilled for 
several minutes. 
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The androgens used were sodium androsterone sulfate, sodium testosterone sulfate, 
and testosterone 17-)3 diethylaminoethylcarbonate hj’-drochloride (“soluble” testoster¬ 
one). These steroids were used in aqueous solutions. The soclium testosterone sulfate 
and sodium androsterone sulfate are water soluble at pH 7.4. Testosterone 17-;8 diethyl¬ 
aminoethylcarbonate hydrochloride is insoluble at pH 7.4 (the pH of the reaction vessels) 
and above, forming a very fine suspension in an aqueous medium. This suspension may 
be dissolved b}- bringing the pH back to neutralitj' or to the acid side. During the course 
of this work some dieth 3 daminoethanol hj'drochloride was made available through the 
courtesj’^ of Dr. E. Oppenheimer. This compound was tested for possible in vitro effect 
since it forms the major part of the side chain in “soluble” testosterone. 


RESULTS 

Inhibition of the malic dehydrogenase system by small concentrations 
of "soluble” testosterone is shown in Table 1. Sodium testosterone sulfate 
Table 1. Effect of water soluble androgens on the malic 

DEHYDROGENASE SYSTEM OF RAT LIA'ER 

(Q02 = c.mm. of oxj'gen uptake per mg. dry tissue per hour at 37.5° C.) 


Homogenate 

Molar concentration 



mg. dry 
weight per 
vessel 

Sodium 

testosterone 

sulfate 

“Soluble” 

testosterone 

QOo 

Per cent 
inhibition 

1.5 

_ 


98 

Control 

1.5 

3.4X10-' 


82 

16.3 

1.5 

6.8X10-' 


46.8 

52.3 

1.5 

1 .oxio-" 


26.0 

75.0 

1.5 

1.4X10-" 


14.0 

86.0 

1.5 

1.7X10-" 


16.0 

84.0 

3.0 


— 

105 

Control 

3.0 


1.8X10-" 

100 

4.8 

3.0 

- 

2.7X10-5 

90 

14.2 

3.0 


3.6X10-5 

46 

56.0 

3.0 

• 

4.5X10-5 

23 

78.0 

3.0 


5.4X10-5 

21 

SO.O 

3.0 


6.3X10-5 

17 

84.0 

3.0 


7.2X10-5 

12 

88.5 


proved to be much less effective an inhibitor as indicated by the concen¬ 
trations required. Sodium androsterone sulfate was not available for test on 
the malic dehydrogenase system. 

In Table 2 data are presented which show inhibition of the succinoxidase 
system by "soluble” testosterone, by sodium androsterone sulfate, and by 
sodium testosterone sulfate. The inhibitory effect of these compounds as 
shown by the concentrations used Avas most pronounced with "soluble” 
testosterone, less with sodium androsterone sulfate, and least with sodium 
testosterone sulfate. Diethylaminoethanol hydrochloride does not inhibit 
succinoxidase in concentrations of 3.5X10"® molar. Such amounts are 
equivalent to the amount of this compound which is present in the side 
chain of "soluble” testosterone at concentrations of 9X10"® molar. 
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Table 2. Effect of water soluble axdkogexs ox the succixoxidase 

SYSTEM OF HAT LIVER 

QOj = o.mm. of oxygen uptake per mg. dry tissue per hour at 37.5° C. 
All vessels contained 3.0 mg. dry weight of homogenate. 

Concentrations of drugs are expressed in final molar concentration 


Sodium 

testosterone 

sulfate 

QO, 

Per cent 
inhibition 

Sodium 

androsterone 

sulfate 

QO= 

Per cent 
inhibition 

— 

76.0 

Control 

__ 

86 

Control 

3'.4X10-' 

45.0 

41.0 

9X10-5 

81.5 

18.9 

6.8X10-^ 

32.0 

58.0 

1.3X10-5 

68.0 

26.7 

1.0X10-5 

13.8 

81.5 

1.8X10-5 

61.0 

27.8 

1.4X10-5 

4.0 

95.0 

2.3X10-5 

60 

33.4 

1.7X10-5 

5.0 

94.0 

2.7X10-5 

57.4 

62.3 

2.0X10-5 

2.6 

96.0 

3.2X10-5 

34.7 

92 




3.6X10-5 

0 

100 

“Soluble” 

6 

O’ 

Per cent 

diethylamino- 

QOi 

Per cent 

testosterone 

inhibition 

ethanol • HCl 

inhibition 

_ 

74 

Control 

_ 

87 

Control 

9 XlO-5 

66 

10.8 

3.5X10-5 

91 

— 

1.8X10-5 

36 

51.5 

3.5X10-5 

94 

— 

2.7X10-5 

14 

81.0 




3.6X10-5 

8 

89.0 




4.5X10-5 

3 

96.0 




5.4X10-5 

2 

97.5 





Preliminary i-esults suggest that the water-soluble androgens also hat’^e 
an inhibitory effect on the lactic dehydrogenase system. 

The curves of Figure 1 were derived from the data in Table 1 by plotting 
per cent inhibition of oxygen consumption by “soluble” testosterone for 
both malic and succinic dehydrogenase sj''stems. Similar curves are ob¬ 
tained for inhibition by the sodium salt of testosterone sulfate of the malic 
dehydrogenase system and for the inhibition by sodium andrcsterone sul¬ 
fate of the succinoxidase system. The inhibition of succinoxidase by sodium 
testosterone sulfate yields an atypical curve, no e.xplanation for which is at 
hand. 

Incubation time had no apparent effect on the inhibition of succinoxidase 
in liv'er homogenate by “soluble” testosterone in an experiment in which 
succinate v^as added from the side arms into the main chamber of the 
Warburg vessels at successive time intervals. 

Figure 2 shows the effect of added homogenate on the testosterone inhi- 
bition of succinoxidase. Data are plotted according to Ackermann and 
Potter (1949). At each inhibitor concentration the same amount of enzyme 
is “bound” regardless of the amount of homogenate present. 

DISCXJSSIOX 

The most interesting observation noted was the inhibition of the malic 
dehydrogenase system by “soluble” testosterone and by sodium testoster¬ 
one sulfate, Erwaj’- et al. (1947) have reported that sodium androsterone 
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MILLIGRAMS OF SOLUBLE TESTOSTERONE PER VESSEL 

Fig. 1. The effect of concentration of testosterone 17-|3 diethj'laminoethylcarbonate 
hytirochloride ("soluble” testosterone) on the malic and succinic dehydrogenase systems. 
0.125 mg. “soluble” testosterone is equivalent to 9X10“'^ molar concentration. 

sulfate has no significant effect on this enzyme system. They used inhibitor 
concentrations of 10~^ molar. 

The inhibition of the succinoxidase and malic dehydrogenase systems 
by water-soluble steroids used appeared not to fit classical formulations 
(Lineweaver and Burk 1932). However, the data are compatible with the 
"irreversible” type of inhibitor described by Ackermann and Potter (1949). 
A definite reduction in oxygen consumption is effected by a given incre¬ 
ment of inhibitor and is not reversed by increasing the amount of enzyme 
present (Fig. 2). Bain (1949) has demonstrated one instance of this type of 
inhibition in the effect of certain phosphate esters (diisopropylfiuoro- 
phosphate, tetraethylpyrophosphate) on cholinesterase. Hayano and 
Dorfman (1951) showed a similar relationship for the inhibition of a d- 
amino acid oxidase by desoxycorticosterone. 
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MILLILITERS HOMOGENATE PER VESSEL 

Fig. 2. The effect of increasing amounts of homogenate on the inhibition of the suc- 
cinoxidase system by different amounts of testosterone 17-/3 diethylaminoethylcarbonate 
hj'drochJoride ("soluble” testosterone). 0.250 mg. soluble testosterone is equivalent to 
1.8X10“^ molar concentration. 

Dr. D. M. Greenberg suggested tliat the sigmoid shape of the curves re¬ 
lating per cent inhibition to inhibitor concentration (Fig. 1) resemliles an 
adsorption isotherm. Such curves have been obtained, for example, for the 
amount of water vapor adsorbed on charcoal under conditions of varying 
pressure (Coolidge 1937). If we consider per cent inhibition analogous to 
inhibitor uptake, and inhibitor concentration analogous to “pressure,” we 
may postulate that the steroid is adsorbed by the enzyme. The inhibition 
of saccharase by certain basic dyes has been described bj^ Quastel and 
Yates (1936). When per cent inhibition was plotted against pH sigmoid 
curves similar to the ones plotted here were obtained. Thej^ suggested that 
the anion form of saccharase was better able to comljine with basic dyes. 
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The significance of the variation in water solubility of the androgens 
mentioned above is not apparent. It may be that the long side chain of 
“soluble” testosterone makes this compound more susceptible to adsorp¬ 
tion phenomena. 

The site of action of the androgens on the dehydrogenase systems is 
thought to be the dehydrogenases themselves. Evidence for this has ac¬ 
cumulated mainly by inference after other hydrogen carriers were by¬ 
passed or proved to be less susceptible to the inhibitors (Eisenberg et al., 
1949). A promising method of approach would seem to be fractionation of 
the components of the Warburg reaction mixtures in an attempt to recover 
the enzyme-inhibitor complex. Such an approach might also be used to 
study the enzyme-inhibitor “binding.” 

SUMMARY 

The effects of water-soluble androgens on malic dehydrogenase and 
succinoxidase of rat liver homogenates were studied using conventional 
Warburg techniques. These substances were found to inhibit both enzyme 
systems in a manner suggesting an irreversible combination of enzyme and 
inhibitor. The data were also suggestive of some type of adsorption phe¬ 
nomenon involving enzyme and steroid. 
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PATHWAYS OF ELIMINATION OF C«-LABELED 
THYROXINE IN THE RAT^ 

H. M. KLITGAARD, H. J. LIPNER,^ S. B. BARKER,'* and 

T. WINNICK 

From the Department of Physiology and the Radiation Research Laboratory, State 
University of Iowa, College of Medicine, Iowa City, Iowa 

INTRODUCTION 

T AUROG, Briggs, and Chaikoff (1951) using P^’-L-thyroxine demon¬ 
strated the presence of an unknown metabolic product, in addition to 
thyroxine, in the bilfe of rats. These investigators (1952) then reported that 
the thyroxine-containing derivative may be a glucuronide, but not a 
peptide. They further concluded that the conjugate is the primarj'' meta¬ 
bolic product of endogenous thjToxine, and that the bile is the chief path¬ 
way of elimination for this hormone. 

The present study is concerned with the elimination of DL-thyroxine- 
-1-C“ in the bile, urine, and expired air. Further analysis of the bile has 
indicated that the thyroxine conjugate is not a peptide. 

METHODS 

DL-thyroxine-l-C'^ used was that synthesized by Wang, Hummel, and Winnick 
(1952).^ Its specific activit}' was 5.3 pc per mg. In all radioacti%’’ity measurements, the 
observed counts per minute were converted into equivalent pgm. of thyroxine, by refer¬ 
ence to the known specific activity of the administered C'^-thyro.xine. Samples were 
generallj' counted to within a probable error of 2 or 3%, and the values corrected for 
self-absorption. Bj' way of illustration, 0.1 ml. of bile had of the order of 300 counts 
per minute, or 20 times background, with our counter. 

Adult male Sprague-Dawle}’ rats, fed ad libitum, were emploj'ed. The bile duct was 
c'annulated with polj'ethylene tubing (inside diameter, 0.011 inch). When a good rate 
of flow was observed, the abdomen was closed, and the animal suspended in a restraining 
harness. Th 3 woxine was injected subcutaneousl}'- at a dose level of 780 pgm. (one pM) 
per kilo body weight. Bile samples were collected in 2 ml. portions over a 12 to 14-hour 

Received for publication August 22, 1952. 
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period. The radioactivity of the whole bile was determined by drying 0.1 ml. aliquots 
on aluminum plates, and counted in a thin mica window Geiger counter. 

Paper chromatograms were performed as described by Taurog and co-workers (1951). 
Aliquots of 0.1 ml. bile were chromatographed immediately after the bile was collected. 
After the chromatogram was completed, the paper was cut into 1 cm. strips, and each 
strip extracted three times with 0.5 ml. of O.OIN NaOH. The extracts were air dried 
on aluminum plates for counting. Approximate!}’’ 53% of the added thyroxine activity 
was recovered from the paper chromatograms. 

The whole bile was subjected to the Van Slj^ke ninhydrin-carbon dioxide method 
(1941) which indicates the presence of free carboxyl and amino groups in amino acids. 
These determinations were performed at pH 2.5 on 0.1 ml. bile samples. The BaCOa 
was collected and counted as described by Winnick (1950). 

A Benedict closed circuit metabolic apparatus was employed for the collection of 
the expired C’'*02. The latter was removed from the expired air by bubbling the circu¬ 
lating gases through a IN NaOH solution which was replaced at 2 or 3-hour intervals. 
Aliquots of the NaOH solutions were treated with excess BaCb, the precipitated BaCOa 
washed, dried, and plated for counting. 

The concentration of C*"' activity in the urine was determined on 0.1 ml. aliquots of 
samples, obtained at the various time intervals. The urine, which was collected from 
rats placed in metabolic cages, was plated as described for the bile. 

RESULTS AND DISCUSSION 

Figure 1 shows that the C^‘' of carboxyl-labeled DL-thyroxine is most 
rapidly eliminated by way of the bile. About 20% of the radioactivity was 
found in the bile in 12 hours. Almost identical results were obtained in 
5 repeated experiments. Taurog and co-workers (1951) give a comparable 
value of 28% eliminated in 12 hours, for a subcutaneous injection of 330 
jugm. of I^^Mabeled L-thyroxine per kilo. 

The appearance of 10% of the C“ in respiratory carbon dioxide in 12 
hours indicates that the alanine portion of the thyroxine molecule is catab- 
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Fig. 1. Elimination of C*''-carboxyl labeled thyroxine by different routes. 
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Fig. 2. Chromatogram of 0.1 ml. aliquot of a 2 ml. sample of bile, taken l.S 
to 3.8 hours after administering thyro.\’ine-l-C'''. 

olized. Essentially the same rate of elimination of C^'*02 ivas obtained in 
5 other experiments. 

A relatively low C“ concentration, about 1% of the total dose, appeared 
in the urine in 12 hours. The average value was 1.2% for 10 such experi¬ 
ments. This radioactivity may represent, in part, urea derived from 
by way of the ornithine cycle. Gross and Leblond (1949) reported a urinar}’^ 
excretion of about 10% of intravenously administered I^®*-thyroxine in 
rats after 24 hours. Most of the could not be extracted from the urine 
by butanol, and was referred to as “non-thyroxine” iodine. 

The results of a paper chromatogram performed on bile from a rat given 
C^cthyroxine is shown in Figure 2. The small peak accounted for 10%, and 
the larger, more rapidly moving peak 53%, of the total C“ in the bile sam¬ 
ple. The position of the larger peak is identical with that of thyroxine. 
These results show that, at the 780 pgm./kilo dosage, free thyroxine pre¬ 
dominates in the bile. This conclusion is in accord with the finding of 
Taurog and co-workers (1952) that large doses of thyi-oxine-I^®^ are con¬ 
jugated to only a very limited extent in the rat. Because of the limitations 
imposed by the specific radioactivity of our th 5 TOxine-l-C“, it was not 
possible to employ the latter at physiological levels. 

The data in Figure 3 indicate that ^drtually all of the C*'* of the bile is 
released bj'’ ninhydrin treatment. The agreements are within the limits of 
experimental error. Van Sly’^ke, Dillon, MacFadyen, and Hamilton (1941) 
have shown that amino acids are decarboxylated by ninhydrin only when 
both amino and carboxyl groups are in the uncombined state. Although 
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5 TIME INTERVAL (HOURS) 

Fig. 3. Thyroxine excretion, as measured by total C'’' in bile, and by 
C '''02 released from bile bj'’ ninhydrin. 

chromatography indicates that a minor portion of the thyroxine exists in 
conjugated form, this fraction may be bound through the phenolic hy¬ 
droxyl group, and hence would still react with ninhydrin. 

SUMMARY 

The various routes of elimination of thyroxine-l-C^"* in normal adult 
rats were investigated. Labeled thyroxine was administered subcutane¬ 
ously at a level of 780 ^gm./kilo. The bile was the major route of excretion, 
and contained about 20% of the after 12 hours. Approximately 10% of 
the C^‘' appeared in the expired CO 2 , and 1% in the urine, in this period. 

Paper chromatographic analysis of a bile sample taken between 2 and 
4 hours, revealed the presence of a small secondary component, in addition 
to a large thyroxine peak. Treatment of bile samples with ninhydrin re¬ 
sulted in a quantitative release of C“ as C^‘'Oo. This finding indicates that 
both amino and carboxyl groups of the thyroxine in the bile are in an un¬ 
combined state. 
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. JOHN W. E^^RETT and CHARLES H. SAWYER 

From (he Dcparlmenl of Anatomy, Duke University School of Medicine, 

Durham, North Carolina 

INTRODUCTION 

N eurogenic activation of the rabbit adenohypophysis causing 
discharge of oinilating hormone is now considered to be accomplished 
within about one minute after coitus (Sawj'-er, Markee ei ah, 1947, 1949). 
Actual discharge into the bloodstream of hormone sufficient for ovulation 
requires approximately one hour in that species (Fee and Parkes, 1929). 

Whereas, in spontaneouslj'’ oimlating animals, discharge of the hormone 
was long thought to be invoked b}’’ direct action of ovarian steroids on the 
hypophj'^sis, there is now strong evidence that this effect is mediated by 
the hjqiothalamus (Sawyer, Everett and Markee, 1949; Ei'-erett and Saw¬ 
yer,- 1949). Activation of the hjq)oph 3 '^sis in cyclic rats occurs within a 
restricted period of time during the da}"- of proestrus (Everett, Sawj^er 
and Markee, 1949). In our colon 3 ^ this critical period is between 2 and 4 
p.M. for the great majorit 3 '' of animals (4-day C 3 ’’cle), about 9 to 11 hours be¬ 
fore omlation. The injection of certain blocking agents at 2 p.m. or earlier 
will prevent o^mlation, while their injection at 4 p.m. will not usualL’’ in¬ 
terfere with it. 

Studies with the rabbit have demonstrated that antiadrenergic agents 
of the i3-haloalkylamine series (Dibenamine and SKF-501) and certain 
anticholinergic agents (atropine and Banthine) will block the reflexogenous 
stimulus to the h 3 ^poph 3 ^sis when injected intravenous^" within a fraction 
of a minute after coitus (Sawyer, Markee et al., 1947, 1949, 1950, 1951). 
These agents are similarly effective in blocking the “spontaneous” activa¬ 
tion of the h 3 "poph 3 "sis in c 3 "clic rats. In addition, the barbiturates ha^"e 
been effective in the latter species, apparent^" because the 3 ’- can be intro- 
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TIME 

Fig. 1. Results of injection of atropine on the da}'^ of proestrus at different times 
between 2:00 and 4:00 p.m. Solid black: complete blockade. Cross-hatching: partial 
blockade. White: complete ovulation. The number above each bar indicates the respec¬ 
tive number of rats in that time-group. The 2:00 and 4:00 p.m. data are from previous 
work with atropine and Nembutal (Prom Everett, 1952, by courtesy of the Ciba 
Foundation). 


gression, for the following considerations. During the first 50 minutes 
65% of 20 rats had begun activation, while during the succeeding 40 min¬ 
utes the percentage increased to only 83% of the remaining 29 rats. Even as 
late as 4 p.m. 1 case of complete blockade and 1 of partial blockade were 
encountered. While the former may have been a rare animal which whould 
have failed to o\ailate without atropine, the latter was not. In her case 
activation must have begun only a short time before injection. It seems 
probable that an average of the combined 3:30 and 4 p.m. data gives a 
more nearly true value than either alone. 

The occurrence of 9 cases of partial activation, rather uniformly dis¬ 
tributed among the 2:40-3:15 time-groups, confirms the earlier impres¬ 
sion that the activation stimulus is not momentary. Such a conclusion, 
however, requires that under the conditions of administration of atropine 
in massive doses by the subcutaneous route the drug abruptly assumes 
full blocking concentration at its locus of action, with no significantly 
prolonged interval during which it would only moderately diminish the 
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strength of stimulus. The following control experiments seem to give this 
assurance. 

A threshold dose for subcutaneous injection was arrived at empirically: 
230 mg./kg. (23 mg. atropine sulphate per ml. of physiological saline). 
This amount was administered to each of 15 proestrous 4-day cyclic rats 
at 2:00 p.m. At autopsy next morning the tubes were searched for ova 
and the excised ovaries were critically examined under the dissecting 
naicroscope. In the absence of tubal ova all follicles showing any degree 
of hyperemia were dissected out with iridectomj'- scissors and were in¬ 
dividually crushed in a small drop of saline between slide and coverslip 
for microscopic examination. Eight of the 15 rats were judged to have been 
completely blocked, while 6 rats had ovulated completely. In the remain¬ 
ing animal 3 follicles were markedly hyperemic and when these were 
crushed prominent corona radiata were seen. Maturation of the ova was 
in progress and the first polar body was seen in one instance. Partial activa¬ 
tion in this one exceptional animal may be assigned to an unusually early 
beginning of hypophyseal activation, similar to the one case from the 
Nembutal series included in the 2:00 p.m. group in figure 1. The absence 
of numerous examples of partial activation in the present series, inter¬ 
grading between complete blockade and complete o%nilation, attests an 
essentially all-or-none effect of atropine at threshold level and signifies 
that no prolonged interval of partial effectiveness of atropine precedes 
the time at which full blockade is accomplished. 

The second series of control experiments approached the question in 
another way. If the cases of partial blockade in the definitive series (Fig. 1) 
were mainly representative of a prolonged interval of partial effectiveness 
of atropine associated with slow absorption from the subcutaneous site, 
the intravenous injection of the maximum amount tolerated, immediately 
before the standard subcutaneous dose at some time during the critical 
period, should have an all-or-none effect. Most female rats of this strain 
will tolerate intravenous injection of 70 mg./kg. of atropine sulphate 
(35 mg./ml. in Ringer-Locke solution). This amount was now given to 
each of 10 proestrous 4-day cyclic rats at one or another time between 
2:30 and 3:20 p.m., the entire amount being introduced within 70 to 80 
seconds. (Two additional rats died within a few minutes after injection.) 
Subcutaneous injection of the 700 mg./kg. dose was completed within a 
minute afterward. Marked tremors were noted before the intravenous 
injections were complete and involuntary contractions of various muscle 
groups were regularly seen when the animal was released. It is significant 
that in 3 of the 10 rats partial blockade was encountered. At autopsy on 
the morning after injection, 2 of tliese bad a single follicle showing corona 
formation and maturation changes, while the third animal had shed 2 



88 


EVERETT AND SAWYER 


Volume 52 


ova and most of her imruptured follicles were markedly hyperemic. This 
considerable number of animals showing partial effects supports the in¬ 
terpretation that thej'- arise from abrupt interruption of a lengthy process 
of hypoplij^'seal activation. 

Inasmuch as the chance of interrupting a progressive process is a direct 
function of its duration, the latter can be estimated in the present in¬ 
stance from the percentage partially activated. If regression of percentage 
blocked Avere linear Avith respect to time, a direct transformation could be 
made from percentage partially acth’-ated to minutes elapsed. Inasmuch 



Fig. 2. Diminishing frequencj’’ of complete blockade after 2:00 p.ji., inverselj' meas¬ 
uring the beginning of hjqiophA'seal activation.The logarithmic curve is mathematicall.v 
fitted to the percentages represented bj"^ solid circles (the open circle represents the aver¬ 
age of the 3:30 and 4:00 p.m. values). The straight (broken) line is approximated to 
the curve between the 2:40 and 3:80 points (see text). 

as the regression is curAulinear, hoAveA’^er, certain approximations are 
required to alloAv such transformation. 

In Figure 2 a logarithmic cuiwe is mathematicallj'' fitted to the points 
representing percentages completely blocked. A straight (broken) line 
is approximated to the logarithmic cuiwe betAveen the 2:40 and 3:30 
points. The slope of this line is such that 10% on the y axis corresponds 
to 15.3 minutes on the x axis. In terms of this slope, the 9 cases (18.4%) 
of partial acth^ation among 49 rats of the 2:40-3:30 groups correspond to 
28 minutes on the time axis. 
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This value, however, is admittedly a very rough approximation and has 
little significance in itself. An important source of error is chance varia¬ 
tion in the percentage partially activated. By use of Fisher’s table VIIIj 
(Fisher and Yates, 1949), entered with a =9 (a/N =9/49 = 0.184) the lower 
limits of expectation were obtained.* At probability levels of 0.025 and 
0.005 these limits were 10% and 8%, respectively, corresponding to 13 
and 10 minutes (fig. 3). Thus, the probability is high (0.975) that duration 
of stimulation is greater than 13 minutes, based on the slope of the straight 
line from figure 2. An extremely unlikely lower limit may be calculated 



Fig. 3. Relation between percentage partialb’’ blocked and time. The heavy solid 
line has the same slope as the broken line in figure 2. Lower limits of e.\pectation at 
three levels of probability are represented bj" the narrow solid lines. Significance of the 
dotted lines is given in the text. 


by disregarding the evident curvilinearity of regression and employing 
as the steepest plausible slope a straight line drawn between the 2:40 p.m. 
and 3:30 p.m. values. Since on this assumption all activation would be 
completed before 3:30, this group is excluded in calculating the percentage 
partially activated and Fisher’s table VIIIi is entered with a =9 (a/N = 
9/39 = 0.231). At the probability level of 0.005 this gives a lower limit of 
9 minutes (Fig. 3, lower dotted line). 

The calculated limits do not take into consideration the numerous 
cases of partial activation in other comparable experiments, e.g. the 
progesterone-atropine series cited earlier (Everett and Sawyer, 1949). 
Among 78 appropriate examples from such experiments, 20 (24%) rvere 
classed as partial activation. Thus the frequency of partial activation in 
the present series appears to be more truly representative than the cal- 


’ The upper limit was given directly b}' the fact that 3 of 10 rats in the 2:-10 group 
were fully activated. Their periods of activation must have been less than 40 minutes. 
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culations imply. Consequently it seems reasonable to judge that in any 
given rat the duration of stimulus is within the range of 20 to 35 minutes. 

DISCUSSION 

The results confirm the earlier conclusion (Everett, Sawyer and Markee, 
1949; Everett and Sawyer, 1950) that in 4-day cyclic rats of our colony 
a specific neurogenic stimulus, essential to the discharge of ovulating 
hormone, passes to the adenohypophysis within restricted, predictable 
time limits on the afternoon of the day of proestrus. In addition, it is now 
shown that this stimulus in any one individual is considerably shorter than 
the 2-hour critical period (2 to 4 p.m.) previously defined. On the other 
hand, the stimulus lasts much longer than the reflexogenous one in the 
rabbit. In that species the cholinergic (atropine-sensitive) phase is thought 
to be completed early in the first minute post-coitum, while the adrenergic 
(Dibenamine-sensitive) phase is only sliglitly longer, approximately 1 
minute (Sawyer, Markee and Hollinshead, 1947; Sawyer, Markee and 
Townsend, 1949; Sawyer, Markee and Everett, 1950). In the rat the cholin¬ 
ergic phase of the stimulation process lasts for over 9 minutes, more prob¬ 
ably between 20 and 35 minutes and certainly less than 40 minutes. 

It seems likely that in the rat the central (Nembutal-sensitive) phase and 
the cholinergic and adrenergic phases of the stimulation process take 
place almost concurrently. Time differences of the order found in rabbits 
would be obscured by the far greater over-all duration. 

A quantitative relationship apparently exists between length of tinr 
of hypophyseal stimulation and the amount of ovulating hormone re¬ 
leased. Such an interpretation rests on the finding in rabbits that none of 
the blocking agents interferes directly Avith passage of OAOilating hormone 
from the hypophyseal cells into circulation (SaAvyer, et aL, loc. cit.). Since 
a species difference in this respect is unlikely, the numerous cases of partial 
blockade in the present series should then represent incomplete release 
resulting frOm foreshortened stimulation. Indeed, if the normal period of 
stimulation approximates half an hour, stimulation and release may pro¬ 
ceed concurrently. While in rabbits about an hour is required for release 
(Fee and Parkes, 1929), the time in rats could easily be somewhat shorter. 

It should be noted that in at least tAvo of the species in Avhich oAoilation 
depends on copulation, relatively prolonged stimulation from lengthy or 
repeated copulation is indicated {ferret, Hill and Parkes, 1932; mole shrew, 
Pearson, 1944). In the mole shreAv 1 to 3 copulations per day are said to 
be ineffective, Avhereas ovulation regularly folloAvs when the number is 
increased to 10 to 15 for another tAvo days. In contrasting the rabbit and 
the ferret. Hill and Parkes spoke of the “trigger” mechanism characteristic 
of the former species, although its momentary nature had not been eluci- 
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dated'at that time. It seems probable that in spontaneous o^mlatol■s and 
reflex ovulators alike there ma}'' be rather wide species variation in the 
duration of the stimulation process. 

There are some indications that under normal circumstances the rat 
hypophysis continues to be stimulated for a considerably'’ longer period 
than that which is just sufficient to release the minimal amount of gonado¬ 
trophin capable of ovulating all the follicles. Everett, Sawyer and Markee 
(1949) noted in the original 4 p.M.-atropine series that while all animals 
o’\mlated, the corpora lutea from the preceding cycle failed to store visible 
cholesterol within the usual time. Such cholesterol storage has been shown 
to be a function of LH (Everett, 1947). Another function of LH is seen 
in the depletion of cholesterol in the interstitial tissue (Claesson and Hil- 
larp, 1947; Everett, 1949). In our 4-daj'’ cyclic rats such depletion is nor¬ 
mally so extreme on the morning after ovulation that the ovarian inter- 
stitium presents a dull, watery appearance. In the present experiments 
this extreme depletion was noted in only 24 of 35 rats (69%) in the “fully 
ovulated” category. It seems likely, therefore, that the estimate of 20 
tb 35 minutes simply represents the minimal stimulation necessary'’ for 
o^mlation and that the normal stimulation lasts for some longer time, 
causing relase of an excess of gonadotrophin. This factor of insurance 
may be reflected not only in the lipid changes in corpora lutea and inter¬ 
stitial tissue, but also in the uniformity of o^allation time observed in 
these animals. 

SUMMARY 

Pre^dous study of 4-day cyclic rats (inbred Vanderbilt strain) has de¬ 
fined a 2-hour interval during proestrus, within which neurogenic ovula¬ 
tory activation of the adenohypophysis takes place. In the present study, 
49 such rats were injected with the standard blocking dose of atropine at 
different times during that interval and were autopsied the next morning. 
From the results, in particular from the relative frequency of partial 
blockade, it is estimated that to release sufficient gonadotrophin for com¬ 
plete ovulation the required duration of stimulus is between 20 and 35 
minutes. Collateral evidence suggests that the stimulus may normally'’ 
continue somewhat longer, serving to release an excess of o-vulating hor¬ 
mone. 
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From the Department of Anatomy, College of Medicine, State University of Iowa, 

Iowa City, Iowa 

N umerous investigations have been made of the pentose nucleic 
acid (PNA) and desoxypentose nucleic acid (DNA) concentrations 
of various tissues and organs in different experimental animals. These 
have been summarized in tabular form by Davidson (1947, 1950), Schnei¬ 
der (1946) and Schneider and Klug (1946). 

Cytochemical studies covering the content and distribution of nucleic 
acids in many tissues and organs have been reviewed by Davidson (1950), 
Brachet (1950) and Caspersson (1950). 

Examination of the literature has shown that little attention has been 
given to the concentration and distribution of these important substances 
in the testis. McCarter and Stelges (1948) in an examination of methods 
for the determination of phosphorus-containing constituents in rat tissues 
have included a limited survey of organic phosphorus compounds in the 
testis. Using cytochemical techniques Brachet (1933, 1940, 1941) has 
studied insect and amphibian testes and Caspersson (1933, 1936) grass¬ 
hopper testes. 

The paucity of information concerning the nucleic acids of the testis, 
particularly the mammalian testis, has suggested the desirability of such a 
study in the rat by chemical and cji^ochemical techniques. In order to 
provide a more complete survey of other phosphorus-containing sub¬ 
stances additional studies were made. 

Acid-soluble phosphorus (ASP) which according to Lipman (1941) and 
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Kalcar (1941) represents primarily intermediates and enzymes in carbo¬ 
hydrate and energ 3 '- metabolism, was determined because of the reputed 
relationships between these and nucleic acid metabolism (Hevesy, 1948; 
Davidson, 1950). The lipid phosphorus (LP) fraction was studied since 
Claude (1939, 1940, 1941, 1949) has demonstrated a relationship between 
cytoplasmic pentose nucleic acid and phospholipid. 

The present report, therefore, includes chemical data on the four phos¬ 
phorus fractions and cytochemical data on the nucleic acids in the rat 
testis at different ages. Similar data for testes with experimentally mduced 
impairments in spermatogenesis are being reported in a separate paper 
(McEnery and Nelson, 1952). 

MATERIALS AND METHODS 

Rats of the Long-Evans strain raised in this laboratpiy were used throughout the 
stud 3 ^ Animals were sacrificed when ten, twenty, thirtj*, fortj’, sixtj' and one hundred 
eighty da 3 's of age and the testes removed for chemical analj’sis and for cytochemical 
and routine histological preparations. 

ft 

Ch e mical Determ in alion s 

Pentose nucleic acid phosphorus (PNAP), deso.K 3 -pentose nucleic acid phosphorus 
(DNAP), total nucleic acid phosphorus (TNAP), acid soluble phosphorus (ASP) and 
lipid phosphorus (LP) were determined according to the method of Schmidt and Thann- 
hauser (1945) as modified b 3 ' Schneider (1946). In the case of each procedure duplicate 
determinations were made on testicular tissue from each animal e.xcept in the ten day 
series where the two testes from each of five animals were pooled. All were wet weight 
determinations and moisture contents were checked in each group. 

Cytochemical Preparations 

Portions of the testes were fixed in Zenker acetic fluid for one hour and fifteen minutes 
and prepared according to the Feulgen technique (Feulgen and Rossenbeck, 1924) for 
DNA and the metlnd green p 3 'ronin technique for PNA and DNA (Brachet 1940, 1941). 
Since the latter technique is extremety capricious and for specificity should be accom¬ 
panied b 3 ' ribonuclease digestion of control sections the c 3 ’toplasmic basophilia demon¬ 
strated b 3 '^ it was used onty as a rough index of PNA. It 1033 ’- be mentioned, however, 
that Taft (1951) in a recent paper offers substantial evidence for the specificity of tlie 
meth 3 d green pyronin reaction as an indicator of the presence of both PNA and DNA. 

Cytological Preparations 

Portions of the testes were fixed in Bouin’s fluid and stained with hematox34in and 
eosin, Masson’s and Malloiy-Azan procediii'es. 

RESULTS 

Chemical Determinations 

Table 1 presents the mean values for the concentrations of phosphorus 
in the PNA, DNA, TNA, ASP and LP fractions, and the calculated 
amounts of PNA and DNA along wdth standard errors and p values of the 
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differences between the means of the values obtained for these fractions 
in the animals of the younger age groups as compared with the equivalent 
values in adult animals. The corresponding absolute values (calculated 
amounts in both testes) are given in Table 2. 

It is readily seen that as the age of the animals progresses toward ma¬ 
turity the testicular concentration of each of the phosphorus fractions 


Table 1. The mean concentbations of the five p fractions and the calculated 

MEAN CONCENTRATION OF PNA AND DNA FOE EACH AGE EXPRESSED AS MG. 

PER 100 GM. OF FRESH TISSUE 


Group 

No. of 
rats 

PNAP 

DNAP 

TNAP 

ASP 

LP 

PNA 

DNA 

10 day 

24 

120.01 

±6.459* 

o.ooit 

25.81 
+ 0.964 
0.001 

141.32 

+2.632 

0.001 

148.79 

+2.454 

0.001 

34.13 

±1.718 

0.20 

1272.10 

260.68 

20 day 

22 

110.84 

±0.417 

0.001 

26.67 

±0.842 

0.001 

137.85 

+2.213 

0.001 

126.98 

±1.707 

0.001 

37.39 
+ 0.861 
0.01 

1174.90 

269.36 

30 day 

21 

86.63 

±1.546 

0.001 

20.83 

±0.562 

0.001 

107.35 

±1.765 

0.001 

94.72 

±2.038 

0.001 

32.70 

±2.071 

0.20 

918.27 

210.38 

40 day 

22 

70.31 

±1.997 

0.001 

13.86 

±0.521 

0.001 

86.60 

±1.675 

0.001 

73.55 

±2.115 

0.001 

33.76 

±1.191 

0.20 

748.28 

139.98 

60 day 

20 

59.45 

±1.794 

0.20 

12.21 

±2.552 

0.20 

73.94 

±1.862 

0.20 

67.67 

±2.119 

0.20 

34.76 

±1.113 

0.20 

630.17 

123.32 

Normal Adult 
(180 day) 

27 

60.32 

±0.639 

12.30 

±0.215 

75.00 

±1.002 

65.33 

±1.023 

32.72 

±1.065 

639.39 

124.23 


* Standard error of the mean. 

t p values (from students table of t, Fischer and Yates 1947) for the differences between 
the mean v.alues of the different age groups and the mean values of the normal adult group. 


decreases with the exception of the lipid fraction which remains approxi¬ 
mately constant (Fig. 1). Conversely in terms of absolute amounts tliere 
is a progressive increase in each of tlie phosphorus fractions with increase 
in age (Fig. 2).-* 

Total phosphorus determinations were made on five samples from 
normal adult testes and the mean values of these were compared with the 
sums of the mean values for the four fractions in tlie same testes. The total 
phosphorus content ivas greater b 3 ’' 21.73 mg. per 100 gm. and tliis differ¬ 
ence presumablji represents phosphoprotein (Schmidt and Tliannhausei-, 
1945; McCarter and Stelges, 1948) and, of course, experimental error. 

■* Values for individual analj'ses and numerous illustrations ma\' be found in the 
Ph.D. dissertation of the senior author (McEnery, 1952). 
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Table 2. The calculated mean values of the five P fractions and the 
CALCULATED MEAN VALUES FOR PNA AND DNA FOR EACH AGE 
EXPRESSED AS MG. IN BOTH TESTES 


Group 

No. 

• of 
rats 

Wt. of 
testes 
in gm. 

PNAP 

DNAP 

TNAP 

ASP 

LP 

PNA 

DNA 

10 day 

24 

0.041 - 

0.049 
+ 0.002* 
o.ooit 

0.010 
+ 0.0004 
.0.001 

0.058 

+0.002 

0.001 

0.061 
+ 0.002 
0.001 

0.014 

±0.0006 

0.001 

0.527 

0.108 

20 day 

22 

0.209 

0.231 

±0.006 

0.001 

0.055 
+ 0.001 
0.001 

0.0288 
+ 0.010 
0.001 

0.265 

±0,008 

0.001 

0.078 

±0.002 

0.001 

2.453 

0.562 

30 days 

21 

0.578 

0.501 
+ 0.014 
0.001 

0.120 
+ 0.003 
0.001 

0.623 
+ 0.014 
0.001 

0.544 

±0.013 

0.001 

0.193 
+ 0.006 
0.001 

5.318 

1.214 

40 day 

22 

1.724 

1.214 
+ 0.045 
0.001 

0.240 
+ 0.010 
0.001 

1.432 

+0.037 

0.001 

1.275 
+ 0.041 
0.001 

0.585 
±0 .023 
0.001 

12.873 

2.432 

60 day 

20 

2.520 

1.475 
+ 0.056 
0.001 

0.304 
+ 0.012 
0.010 

1.838 

+0.068 

0.001 

1.568 

±0.006 

0.001 

0.864 

±0.036 

0.010 

15.641 

3.079 

Normal 
Adult 
(180 day) 

27 

3.100 

1.901 

-0.042 

0.387 

-0.009 

2.366 

-0.052 

2.053 

-0.043 

1.024 

-0.029 

20.155 

3.913 


* Standard error of the mean. 

t p values (from students table of t, Fischer and Yates 1947) for the differences between 
the mean values of the different age groups and the mean values of the normal adult group. 


Cytological and Cytochemical Observations 

Normal Adult {One hundred and eighty days). The histologic and cyto¬ 
logic pictures are well known and need not be detailed here. Reference to 
them will be made in the course of the discussion since the changes in 
some of the phosphorus fractions are explained best in terms of changes in 
the cellular population of the testis. 

The Feulgen preparations showed that the nuclei of the fibroblasts, 
endothelial cells and mast cells which are present in the intertubular areas 
are rich in fine granules of DNA while those of the Leydig cells contain 
only a few coarse granules. The sperm heads are Feulgen-positive through¬ 
out, and the nuclei of spermatocytes and spermatogonia give a strong 
positive reaction. The nuclei of the spermatids are strikingly low in DNA 
and the same is true for the Sertoli cell nuclei. 

The methyl green pyronin preparations indicate the presence of con¬ 
siderable basophilia in the cytoplasm of the Leydig cells and much smaller 
amounts in other intertubular cells. All of the tubular cells possess cyto¬ 
plasmic basophilia, the amount being proportional to the amount of cyto¬ 
plasm in the cells. The Sertoli cells and spermatogonia appear to contain 
a little more than the others, and in the area where sperm maturation is 








January, 1953 


PHOSPHORUS COMPOUNDS OF TESTIS 


97 



Fig. 1. Graph of the mean concentrations of the five P fractions for each age. 

A = 10-day G = 30-day E = 60-day 

B = 20-day D = 40-day F = 1 SO-da}*^ 

, PNAP = Pentose nucleic acid phosphorus 

DNAP = Desoxypentose nucleic acid phosphorus 
TNAP = Total nucleic acid phosphorus 
ASP = Acid soluble phosphorus 
LP = Lipid phosphorus 

taking place there are numerous extracellular, red, basophilic droplets. 
These droplets are not seen in all tubules but apparently coincide with a 
phase in the spermatogenic wave. 

Ten-Day-Old Series. The testis of a ten-day-old rat contains occasional 
intertubular elements, which appear to be somewhat differentiated in the 
direction of Leydig cells. However, most of the cells in these areas are 
various types of connective tissue elements. The tubules contain Sertoli 
cells, actively dividing spermatogonia, and possibly a few young spermato¬ 
cytes. 

The intertubular cell nuclei give a Feulgen reaction comparable to that 
seen in the cells of these areas in the adult testis. Much the same is true 
of the nuclei of the tubular cells; indeed, the reaction for the Sertoli cells 
is somewhat more marked than in the Sertoli cells of the adult testis. 

Those cells in the intertubular areas which appear somewhat differ¬ 
entiated are high in cytoplasmic basophilia while the mesench 3 ’mal cells 
give a M^eak reaction since they contain very’- little cytoplasm. In all tubular 
cells the cytoplasm is strongly basophilic. 

Twenty-Day-Old Series. There are no Leydig cells in the testis of a 
twent 3 ’--day-old rat, the intertubular areas being made up of connective 
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PNAP DNAP TNAP ASP LP 

Fig. 2. Graph of the mean absolute values of the five P fractions for each age. 

A = lO-daj’’ C = 30-da3’^ E = 60-daj’^ 

B = 20-da3’^ D = 40-da3’^ F = 180-da 

PNAP = Pentose nucleic acid phosphorus 
DNAP = Desoxypentose nucleic acid phosphorus 
TNAP = Total nucleic acid phosphorus 
ASP = Acid soluble phosphorus 
LP = Lipid phosphorus 

tissue with a few mast cells, capillaries and other small blood vessels. The 
tubules contain Sertoli cells along with spermatogonia and spermatocytes. 

The nuclei of all intertubular cells give a positive Feulgen reaction of 
about the same intensity as in similar cells of the adult testis. The Sertoli 
cell nuclei show a characteristic light diffuse pattern and the spermatogonia 
and spermatocyte nuclei both are rich in Feulgen positive material. 

As in the ten-day-old testis the mesenchjunal elements have little cyto¬ 
plasm and show very little basophilia. The cytoplasm of the Sertoli cells, 
spermatogonia and spermatocytes is more basophilic than that of like 
cells in the adult testis. 

Thirty-Day-Old Series. The testis of a thirty-day-old rat contains a 
few Leydig cells and the tubules have Sertoli cells, spermatogonia, sperma¬ 
tocytes and some spermatids. 

The nuclei of the cellular elements of both the tubular cells and the in¬ 
tertubular areas give a Feulgen reaction similar to that seen in the normal 
adult. The Leydig cells have only a small amount of Feulgen-positive 
material and the spermatids give a weak reaction. 

In methyl green pyronin preparations the Leydig cells show cytoplasmic 
basophila as do the Sertoli cells, spermatogonia, spermatocytes and sper¬ 
matids. The Sertoli cells and spermatogonia appear to stain a little more 
deeply than the spermatocytes and spermatids. 
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Forty-Day-Old Series. With the appearance of some sperm the forty-day- 
old testis assumes adult characteristics and the Feulgen picture is almost 
identical with that seen in normal adult testes. The amount of cytoplasmic 
basophilia in the testes of animals of this series appears to be in general a 
little greater than that present in adult testes. 

Sixty-Day-Old Series. The testes of sixty-day-old rats are identical cj’^to- 
logically and cj'-tochemically with those of normal adult rats. 

DISCUSSION 

The observations on the normal adult rat testis which have been made 
in this investigation confirm, in most respects, such information as is 
available. Chemical data for all fractions are essentially in agreement with 
those reported by hlcCarter and Stelges (1948) with the exception of the 
LP fraction which they found to be 59 mg. per 100 gm. of tissue as com¬ 
pared with our value of 32.72 mg. per 100 gm. of tissue. The discrepancy maj’- 
be due in part at least to the fact that we did not use the extensive extrac¬ 
tion procedure which they employed. However, in our experience and in 
that of Schneider (1946), such a laborious fractionation did not materiall 3 '- 
increase the yield of LP. It is quite possible that on the basis of a limited 
number of analyses such as they carried out an inconsistently high value 
could easily be obtained. 

The cytochemical observations on the normal adult testis which have 
been made in this study are entirely consistent with those reported previ¬ 
ously. Brachet (1933,1940,1941) has shown that in insects and amphibians 
the spermatogonia contain more pentose nucleic acid than the other germ 
cells. In our preparations we noted more cytoplasmic basophilia in the 
peripheral cells of the tubules; however, it was somewhat difficult to decide 
whether or not this greater amount was due entirely to spermatogonia or 
whether the Sertoli cells were also involved. Caspersson (1933, 1936) 
working with grasshopper testes has shown that the amount of PNA is 
greatly increased in the older spermatocytes. It was our experience that 
the spermatocytic as well as the spermatogonial nuclei give a strong 
Feulgen positive reaction. This is in agreement with the theses of Brachet 
and Caspersson that the s 3 mthesis of DNA occurs at this time and that it 
is dependent on the amount of PNA present in spermatogonia and pri¬ 
mary spermatocytes. We also found that the spermatid nuclei stained very 
lightl 3 '- the Feulgen reagent, an observation which is easily reconciled 
when we consider that the spermatid nuclei contain a haploid number of 
chromosomes. The occurrence of large basophilic droplets in the region of 
sperm maturation is particularly striking in view of evidence presented 
b 3 " AlcEner 3 ’- and Nelson (1950,1951) that there is accumulation of sudano- 
philic and Schiff positive lipid in the same distribution. Two possible 
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explanations may be offered for this finding. Lipoprotein complexes in 
the blood are well known (Troensgaard and Koudahl, 1926; Machebeouf, 
1929; Machebeouf and Sandar, 1932; and Turner and Gibson, 1932) and 
it would seem possible that such a complex arising as a nutritive sub¬ 
stance from the Sertoli cells, whose function is believed to be sustenta- 
cular and nutritive (Elftman, 1950; Nelson, 1951), would be visualized 
by lipid procedures as well as those for nucleoprotein. The second and 
possibly more reasonable explanation, in view of the fact that the ap¬ 
pearance of these droplets coincides with a phase in the spermiogenic 
wave (Roosen-Runge, 1950, 1951), is that they arise from the sloughed 
cytoplasm of the spermatid during its metamorphosis. The latter ex¬ 
planation would be in good agreement with the observations of Claude 
(1939, 1940, 1941, 1949) that pentose nucleic acid exists in the c 3 doplasm 
in combination with phospholipid. Thus it is possible that the remnants 
of such a pentose nucleic acid-phospholipid complex are released when the 
spermatid is transformed into a spermatozoon and are visualized by the 
respective cytochemical procedures. 

During the attainment of the adult condition changes in the different 
phosphorus fractions follow rather uniform patterns and the cytochemical 
observations are in good agreement with the patterns for the concentration 
of the nucleic acids. The concentrations of all fractions, with the exception 
of LP which remains relatively constant, decrease progressively as the 
age of the testis increases (Fig. 1), while the absolute values (amounts in 
both testes) for all of the phosphorus fractions increase progressively with 
the age of the testis (Fig. 2). 

Adequate interpretation of these findings requires that we examine the 
morphologic changes which take place in the testis between ten and one 
hundred eighty days of age. In the first place there is approximately an 
eighty fold increase in weight. This is brought about by increases in the 
size of cells and by increases in their number. Secondly, the attainment of 
maturity involves the appearance of new cell types. The former, as we 
shall point out, appears to exert the major influence on the absolute values 
of the phosphorus fractions while the latter exerts more influence on the 
variations in concentration. 

Two points must be developed in order to clarify this. In the first place 
it is well known that PNA is found chiefly in the cytoplasm. This is ap¬ 
parently also the case for the ASP fraction. Therefore tissue made up of 
cells having a large amount of cytoplasm (low nuclear-cytoplasmic ratio) 
will be high in those two substances whereas tissue made up of cells having 
little cytoplasm (high nuclear-cytoplasmic ratio) will have low concentra¬ 
tions of these substances. DNA on the other hand is for the most part 
(probably exclusivel}'-) in the nucleus and is actually a very important 
constituent of the chromosomes. Thus the DNA content is affected by the 
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nuclear cytoplasmic ratio of cells making up a given tissue. Furthermore, 
in the case of the testis there are cells with haploid as well as cells with 
diploid numbers of chromosomes. This will also influence the content of 
DNA. In fact, Boi^dn, Vendrely and Vendrely (1948) found that the nu¬ 
clei of somatic cells from animals of a given spe’cies have twice as much 
DNA as the corresponding sperm (haploid) nuclei. Thus in the adult testis 
the concentrations of the various phosphorus fractions will be a function 
of the numbers of the various cell types present at that time. 

In the second place attention must be directed to the cytologic picture 
of the testis at each age included in this study. At ten and twenty days of 
age the seminiferous tubules of the rat testis contain only cells which have 
considerable cytoplasm, namely Sertoli cells, spermatogonia and primar}^ 
spermatocytes, while at thirty days secondary spermatocjdes and sperma¬ 
tids have made their appearance and at forty days sperm are in evidence. 
After forty days no new cell tj'^pes are added and further changes involve 
only increases in the numbers of cells, particularly those of the more 
mature types. Three signiflcant generalizations can therefore be made with 
regard to the growth and maturation of the testis. First, as new cell types 
are added the total nuclear-cytoplasmic ratio of the cells of the testis 
changes from a lower to a higher value. Secondly, the last three cell types 
to appear, namely, the secondary spermatocytes, spermatids and sperm, 
reduce the total number of chromosomes per cell in the testis. Thirdly, 
the great increase in numbers of these latter cell types influence not only 
the concentrations by dilution of the cell population but also the absolute 
values by adding materials to the testis as a whole. 

That the PNAP concentration was highest at ten and twenty days is 
entirely consistent with the cytologic picture. When, however, the cyto¬ 
plasmic basophilia was examined in these two groups, it was found to be 
more intense than in corresponding cells in the adult group and further, 
that it. was somewhat greater in the ten than in the twenty da}'- testis. 
Thus it would seem that testes of young rats have a higher concentration 
of PNA than can be accounted for entirely on the basis of the cell t 5 ''pes 
which are present. Since slightly elevated values for PNA have been 
found generally in young growing tissues and greatly increased amounts, 
as compared to adult tissues, have been observed in embrjmnic tissues 
(Davidson, 1950) it is not surprising to find that the PNA values in the 
testes of young rats, which are similar in some respects to embryonic tis¬ 
sues, are markedly higher than in adult testes. It is worth noting that from 
the tenth to the twentieth day the testis undergoes a fivefold increase in 
weight and from the twentieth to the thirtieth day a threefold increase. 
Therefore, the high concentration can be attributed in part at least to the 
accelerated rate of growth in young testes. 

At thirty and forty days the lower PNA concentrations are entirely 


ORGANIC PHOSPHORUS COMPOUNDS IN THE TESTIS 
OF THE RAT UNDER EXPERIMENTAL CONDITIONS 
WHICH IMPAIR SPERMATOGENESIS'.^ 

WILLIAM B. McENERY^and WARREN 0. NELSON 

From the Department of Anatomy, College of Medicine, State University of Iowa, 

Iowa City, Iowa 

I N SPITE of the concerted efforts whicli have been made to clarify the 
functional position and metabolic significance of nucleic acids very 
little in the way of established interpretations can be offered. Caspersson 
(1950) and Brachet (1950) have discussed the significance of nucleic acids 
in the synthesis of cellular proteins, Claude (1940, 1941, 1942, and 1948) 
has shown that cytoplasmic pentose nucleic acid (PNA) occurs in combina¬ 
tion with phospholipids and Hevesy (1948) and Davidson (1950) have 
pointed out certain relationships between PNA and the components of 
the acid-soluble phosphorus (ASP) fraction. 

It has been reported that fasting and protein-poor diets (Davidson and 
Waymouth, 1944; Davidson, 1945), ischemia (Drochmans, 1947), adreno- 
corticotrophic hormone and high carbohydrate diet (Baker, et al., 1948), 
and hypophysectomy (Geschwind, Li and Evans, 1950) all cause a de¬ 
crease in pentose nucleic acid (PNA) but no change in desoxypentose 
nucleic acid (DNA) in the liver. McShan ei al. (1950) reported a marked 
increase in PNA but only a slight .increase in DNAdn the crop glands of 
pigeons treated with lactogenic hormone. An increase in both PNA and 
DNA has been observed in the livers of pregnant rats (Campbell and 
Kosterlitz, 1947) and Stutz and Verzar (1947) reported that thymectomy 
did not alter the nucleic acid content of the rat liver. Mitchell (1942, 1943) 
has observed that x-irradiation of various normal and cancerous human 
tissues produces an accumulation of PNA in the cytoplasm, and Stowell 
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(1945) reported that x-irradiation prevents the synthesis of DNA in can¬ 
cerous tissue. The studies of Errera (1947) indicate a direct effect of x- 
irradiation on the chemical properties involved in the rigidity of the nucelo- 
protein complex in situ. 

In a previous paper (McEnery and Nelson, 1952) we pointed out the 
scarcity of chemical and cytochemical observations on nucleic acids and 
other phosphorus containing constituents in the testis and reported such 
information for the testes of rats ranging in age from ten to one hundred 
and eighty days. 

This report offers similar observations on the testes of hj'pophysec- 
tomized, estrogen-treated, x-irradiated and cyptorchid rats. The experi¬ 
mental procedures to which these rats were subjected were chosen for 
their well-known effects on spermatogenesis. 

MATERIALS AND METHODS 

Rats of the Long-Evans strain raised in this laboratory and of the Sprague-Dawley 
strain obtained from a commercial breeder were used in this study. 

Animals were hypophysectomized^ at weights varying from 150 to 250 gm. and were 
sacrificed 30 days post-operatively. All animals were examined for completeness of 
operation. 

In the estrogen-treated animals treatment was initiated when the animals weighed 
approximately 150 gm. Subcutaneous injections of alpha estradiol,^ were made in 50 
and 100 gamma doses daily for 30 to 45 days. 

In the x-ray series animals weighing 200 to 250 gm. were given 600 roentgen units 
applied in a single dose to the caudal half of the body and were autopsied 30 days later.® 

In the cryptorchid series animals weighing 200-250 gm. at the time of operation were 
made cryptorchid bj^ anchoring the testes to the anterior abdominal wall. One group 
was sacrificed 80 days post-operatively and the other 200 daj's after operation. 

Chemical Determinations 

Pentose nucleic acid phosphorus (PNAP), desoxypentose nucleic acid phosphorus 
(DNAP), total nucleic acid phosphorus (TNAP), acid soluble phosphorus (ASP) and 
lipid phosphorus (LP) were determined according to the method of Schmidt and Thann- 
hauser (1945) as modified by Schneider (1946). Duplicate determinations were made on 
testicular tissue from each animal. All were wet weight determinations and moisture 
contents were checked in each group. 

Cytological and Cytochemical Preparations 

Portions of the testes were prepared for cytological and cytochemical observation 
according to the methods described in the first paper of this series (McEnery and Nelson, 
1952). 

* The hypoph 3 'sectomized rats were obtained from the Hormone Assaj' Laboratorj' 
of Chicago, Illinois. 

® We are indebted to Dr. Edward Henderson of the Schering Corporation, for the 
alpha estradiol. 

® We are indebted to the staff of the Radiation Research Laboratorj" of the State 
University of Iowa for invaluable assistance in irradiating these animals. 
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Table 1. The mean concentrations of the five p fractions and the calculated mean 

CONCENTRATIONS OF PNA AND DNA FOR EACH EXPERIMENTAL GROUP EXPRESSED 
AS MG. PER 100 GM. OF FRESH TISSUE 


Group 

No. of 
rats 

PNAP 

DNAP 

TNAP 

ASP 

LP 

PNA 

DN 

A 

Hypophy- 

23 

87 

,14 

23. 

.45 

109 

.87 

81 

.73 

34 

.47 

923. 

,68 

236. 

,84 

sectomy 


+ 1 

.664* 

+ 0, 

.481 

+ 1 

.865 

±1 

.857 

+ 1 

.010 






0 

.OOlt 

0 

.001 

0 

.001 

0 

.001 

0 

,20 





Estrogen 

21 

86 

.01 

23 

.24 

no 

.53 

95 

.28 

33 

.44 

911. 

.70 

234, 

.72 


+ 1 

.993 

-fO, 

.576 

±1 

.653 

±1 

.230 

-fO 

.512 







0 

.001 

0 

.001 

0 

.001 

0 

.001 

0 

,20 





X-ray 

19 

67 

.66 

14 

.63 

82 

.25 

81 

.26 

39 

.60 

717, 

.19 

147. 

,76 


-1-1 

.021 

-f-1 

.516 

+ 1 

.646 

+ 2 

.186 

+ 0 

,989 







0 

.001 

0 

.050 

0 

.001 

0 

.001 

0 

.001 





Cryptorchid 

18 

66 

.52 

17 

.32 

84 

.04 

78 

.37 

54 

.85 

705, 

.11 

174 

.93 

(80-day) 


+ 2 

.054 

+ 2 

.235 

+ 2 

.015 

+ 2 

.349 

+ 1 

.747 






0 

.010 

0 

.010 

0 

.001 

0 

.001 

0 

.001 





Cryptorchid 

24 

67 

.24 

19 

.42 

85 

.75 

65 

.90 

56 

.55 

712 

.74 

196 

.14 

(200-day) 


±1 

.596 

±1 

.676 

-f 1 

.300 

+ 1 

.889 

+ 0 

.962 






0 

.001 

0 

.001 

0 

.001 

0 

.20 

0 

.001 





Normal Adult 

27 

60 

.32 

12 

.30 

75 

.00 

65 

.33 

32 

.72 

639 

.29 

124 

.23 

(180-day) 


±0 

.639 

±0 

.215 

±1 

.002 

±1 

.023 

±1 

.065 






* Standard error of the mean. 

t p values (from students table of t, Fischer and Yates 1947) for the differences between 
the mean values of the different experimental groups and the mean values of the normal adult 
group. 


RESULTS 

Chemical Determinations 

Table 1 presents the mean values for the concentration of phosphorus in 
the PNA, DNA, TNA, AS and L fractions, and the calculated amounts 
of PNA and DNA along with standard errors and p values of the differ¬ 
ences between the means of the values obtained for these fractions, in the 
animals of the various experimental groups as compared with the equiv¬ 
alent values in normal adult animals. The corresponding absolute values 
(calculated amounts in both testes) are given in Table 2, and the values for 
concentration and absolute amounts are represented graphically in Figures 
1 and 2. It will be noted that the concentrations of the various phosphorus 
fractions showed varying degrees of increase in the different experimental 
series as compared to the corresponding values for the normal adult rat. 
On the other hand the absolute values for all fractions were consistent!}'’ 
lower than those observed in the normal adult.^ 

The water content of the testes in the experimental groups did not differ 
more than five per cent from that observed in testes of normal adult rats. 

" Values for individual analyses and numerous illustrations may be found in the 
Ph.D. dissertation of the senior author (McEnery, 1952). 





January, 1953 


PHOSPHORUS COMPOUNDS OF TESTIS 


107 


Table 2. The calculated mean values of the five p fractions and the calculated 

MEAN VALUES FOR PNA AND DNA FOR EACH EXPERIMENTAL GROUP EXPRESSED AS 

MG. IN BOTH TESTES 


Group 

No. 

of 

rats 

Wt. of 
testes 
in gm. 

PNAP 

DNAP 

.TNAP 

ASP 

LP 

PNA 

DNA 

Hypophy- 

sectomy 

23 

0.625 

0.548 

-t-0.020* 

o.ooit 

0.146 
+ 0.004 
0.001 

0.690 
+ 0.024 
0.001 

0.509 
+ 0.014 
0.001 

0.216 
+ 0.009 
0.001 

5.809 

1.481 

Estrogen 

21 

0.766 

0.657 
+ 0.058 
0.001 

0.173 
+ 0.011 
0.001 

0.835 
+ 0.063 
0.001 

0.731 

±0.063 

0.001 

0.255 
+ 0.022 
0.001 

6.965 

1.755 

X-ray 

19 

0.694 

0.469 
+ 0.012 
0.001 

0.101 
+ 0.010 
0.001 

0.570 
+ 0.015 
0.001 

0.564 
+ 0.019 
0.001 

0.276 
+ 0.012 
0.001 

4.975 

1.025 

Cryptorchid 

(80-day) 

18 

0.755 

0.503 

±0.020 

0.001 

0.130 
+ 0.005 
0.001 

0.635 
+ 0.022 
0.001 

0.601 

±0.035 

0.001 

0.416 
+ 0.019 
0.001 

5.331 

1.318 

Cryptorchid 

(200-day) 

24 

0.790 

0.531 
+ 0.016 
0.001 

0.154 
+ 0.006 
0.001 

0.678 

±0.019 

0.001 

0.523 
+ 0.021 
0.001 

0.449 
+ 0.016 
0.001 

5.632 

1.556 

Normal 

Adult 

(180-day) 

27 

3.100 

1.901 
+ 0.042 

0.387 
+ 0.009 

2.366 
+ 0.052 

2.053 

±0.043 

1.024 
+ 0.029 

20.155 

3.913 


* Standard error of the mean. 

t p values (from students table of t, Fischer and Yates 1947) for the differences between 
the mean values of the different experimental groups and the mean values of the normal adult 
group. 


Consequently differences seen in the phosphorus fractions were not in¬ 
fluenced to any appreciable degree by changes in the nroisture content. 

Cytological and Cytochemical Observations 

The picture in the normal adult testis has been described in a previous 
paper (McEnery and Nelson 1962). 

Hypophysectomized Series. In the testis of the hypophysectomized rat 
ordinary histologic preparations show that the Leydig cells are atrophic 
and the tubules contain only Sertoli cells, spermatogonia and spermato¬ 
cytes. 

All of the nuclei of the intertubular elements including the Lej'-dig 
cells, show a strong Feulgen reaction while the tubules (except for some 
sloughed spermatocytes which stain deeply) present a picture similar to 
that seen in the same cells of the normal testis. 

While the intertubular cells contain little cytoplasm that which is 
present is strongly basophilic in methyl green p 3 u-onin preparations. Tlie 
degree of cjdoplasmic basophilia in the tubular cells, with the exception of 
some degenerating spermatocjdes which are strongly basophilic, is com- 
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Fig. 1. Graph of the mean concentrations of the five P fractions for each 
experimental group and for the normal adult group. 

A = Hypophysectomy C = X-ray E = Cryptorchid (20-day) 

B = Estrogen-treated D = Crj^ptorchid (80-daj'^) F = Normal Adult 

PNAP = Pentose nucleic acid phosphorus 
DNAP = Desox 5 'pentose nucleic acid phosphorus 
TNAP = Total nucleic acid phosphorus 
ASP = Acid soluble phosphorus 
LP = Lipid phosphorus 


parable to that observed in the same cells of normal testes. In-some of the 
degenerating cells even the nucleus is stained red and occasional red drop¬ 
lets occur free in the tubular lumens. 

Estrogen Series. The testes of estrogen treated animals show atrophic 
Leydig cells and the tubules contain only Sertoli cells, spermatogonia, and 
spermatocytes. This picture as seen in ordinary histologic preparations is 
essentially the same as in hypophysectomized animals and is due to the 
lack of gonadotrophic hormone. 

The Feulgen reaction is intense in the nuclei of all intertubular cells. 
The nuclei of the Sertoli cells contain little Feulgen-positive material 
while those of the spermatogonia and spermatocytes stain deeply. 

The quantity and distribution of cytoplasmic basophilia throughout the 
testes of these animals appears to be essentially the same as has been des¬ 
cribed for the testes of hypophysectomized animals. There are, however, 
few of the degenerating spermatocytes which are so highly basophilic in 
the latter animals. 

X~ray Series. The x-irradiated testes show intertubular areas with an 
apparent increase in both number and size of the Leydig cells. In x-irradi¬ 
ated testes an extremely variable picture is found in the tubules, some 
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containing only Sertoli ceils while others contain sperm, occasional sper¬ 
matids, a few large basal cells, and some unidentifiable cellular remnants. 

The Feulgen reaction in the cell nuclei of the intertubular areas is es¬ 
sentially similar to that seen in the cells of these areas in normal adult 
testes. Within the tubules the Sertoli cells appear to contain a normal 
amount of Feulgen-positive material and such other cells as are present 
give an essentially normal reaction except for the nuclei of the basal cells 
and cell remnants, both of which stain deeply. 

In the metlud green p 3 T’onin preparations the cytoplasm of the inter¬ 
tubular cells show approximately the same amount of basophilia as that 
of corresponding cells in the normal adult testis (a few Leydig and mast 
cells appear to show more). The residual tubular cells are a little more 
basophilic than cells of the same types in normal adult testes- 

CryptorcMd Series. The testes in both of these groups are essentially 
similar and will be discussed together. They show the customary apparent 
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Fig. 2. Graph of the mean absolute values of the five P fractions for each 
experimental group and for the normal adult group. 

A = Hj^poplij'sectomy C = X-ray E = Cryptorchid (200-day) 

B= Estrogen-treated D = Cryptorchid (80-day) F = Normal Adult 

PNAP = Pentose nucleic acid phosphorus 
DNAP = Desoxypentose nucleic acid phosphorus 
TNAP = Total nucleic acid phosphorus 
ASP = Acid soluble phosphorus 
LP = Lipid phosphorus 



110 McENERY AND NELSON Volume 52 

increase in tiie number and size of tiie Ley dig cells. Tlie tubules vaiy with 
respect to the types of cells present, some having Sertoli cells only and 
others, in addition, spermatogonia and even occasional spermatocytes. 

With the Feulgen stain all of the nuclei of the tubular and intertubular 
cells show essentially the same reaction as is seen in the corresponding cells 
of normal adult testes. 

The methyl green pyronin preparations reveal an increased amount of 
cytoplasmic basophilia in the Lej’-dig cells while other intertubular cells 
show normal quantities. The degree of cytoplasmic basophilia in the tubu¬ 
lar cells is also essentially normal. 

DISCUSSION 

In the first paper of this series (McEnery and Nelson, 1952) the signifi¬ 
cance of observations on the normal adult testis has been discussed and 
we have pointed out that variations in the concentration of the phos¬ 
phorus fractions at various ages was chieflj’' due to the types of cells which 
occur in the seminiferous tubules at those ages. The reader is referred to 
that paper for a detailed discussion of the constanc}'’ of position of PNA 
and DNA in the cell, the relationship of those substances to the amount 
of cj'-toplasm and the presence of nuclei with diploid or haploid numbers of 
chromosomes, and the apparent relationship between the PNAP and ASP 
fractions. In the LP fractions, on the other hand, such relationships are 
not evident. 

The PNAP concentrations in testesirom hypophysectomized and estro- 
gentrated animals showed substantial increases over those found in testes 
of normal adult rats. Physiologically these tivo conditions are similar, in 
that gonadotrophins are absent, and the testicular tubules contain only 
Sertoli cells, spermatogonia and primary spermatoc 3 des. Furthermore, 
cytoplasmic basophilia in these cells is no greater than that seen in the 
normal adult (except for a few disintegrating cells which could not alter 
the picture significantly). Thus it seems likely that the increased PNAP 
concentration in these tivo groups is probablj'' due to the presence of cells 
with relatively large amounts of cytoplasm rather than to any specific 
effect of the treatment on PNAP since the cells listed above contain larger 
amounts of cytoplasm than do secondary spermatocytes, spermatids and 
spermatozoa. 

The testes of x-irradiated animals showed some increase in the concentra¬ 
tion of PNAP. These results agree with those of Mitchell (1942, 1943) in 
spite of the fact that our animals were sacrificed thirty days following 
treatment while Mitchell examined his tissue within nine hours post¬ 
irradiation. The possibility exists that in our studj'" we were dealing with 
some measure of spermatogenic repair although histologic evidence of 
such repair was not evident. A clear cut evaulation of the testicular picture 



January, 1953 


PHOSPHORUS COMPOUNDS OF TESTIS 


111 


in terms of the content of nucleic acids is somewhat difficult in this series 
owing to the variable cellular content of the tubules. It can be stated, how¬ 
ever, that the Sertoli cells were a constant feature of the tubules, that some 
of the tubules contained flattened Basal cells and that both of these cells 
were significantly basophilic. Since the spermatoids and sperm contain 
little cytoplasm it would appear that the Sertoli cells and basal cells ac¬ 
count for the majority of the PNA. 

The increases in PNA concentration in the cryptorchid groups are not 
excessively large. Since.the cell tj^pes which are present in the tubules 
contain considerable cjdoplasm and since the Leydig cells show increased 
basophilia one might have expected higher values. Apparently the Sertoli 
cells in these testes are not sufficiently rich in PNA to provide the sub¬ 
stantial increases seen in some of the other experimental series and the 
Leydig cells, since they are closely grouped and relatively more numerous 
may give the illusion of increased basophilia. 

The concentrations of DNAP in the testes from hypophysectomized and 
estrogen-treated animals were double those found in normal adult animals. 
This is easily understood when we note that onlj'- cells whose nuclei 
possess diploid numbers of chromosomes were present. 

Considerable variation was seen in the concentrations of DNAP in the 
testes of x-irradiated animals. However, if we take into account the varia¬ 
tions which were encountered in the histologic condition of these testes the 
values for concentration of DNAP are seen to be consistent with the 
histologic picture. To assess this relationship more accuratety it would be 
necessary to study a large series of animals in which individual analyses 
would be correlated with the varied histologic patterns in the same testes. 

In the two groups of cryptorchid animals the values for the concentra¬ 
tions of DNAP present a somewhat baffling problem. All of the cells con¬ 
tain diploid numbers of chromosomes. Thus one would expect the con¬ 
centrations of DNAP to be double the normal adult value, as was the case 
for hypophysectomized and estrogen-treated rats. Actualty the concen¬ 
trations were between the values observed for hypophysectomized and 
estrogen-treated groups and for normal adult animals. Since the Feulgen 
reaction in the testes of hypophysectomized and estrogen-treated animals 
is similar to that seen m normal adult testes it is possible that the Sertoli 
cells, which appear to be the predominant type of cell in the testes of crypt¬ 
orchid rats, do not ha'v^e as high a content of DNA as do the spermatogonia 
and spermatocytes which are abundant in the testes of hypophysectomized 
and estrogen-treated rats. That these latter cells contain larger amounts 
of DNA than are present in other inti-atubular cells has been shown by^ 
Caspersson’s (1933, 1936) studies utilizing absorption microspectrophoto- 
metric techniques. 

The concentration of ASP in the testes of hypophy'-sectomized animals 
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paralleled that of PNAP both being higher than the corresponding values 
for normal adult testes and, as noted earlier for PNAP, are probably re¬ 
lated to the types of cells which are present. On the other hand an even 
higher value for ASP was seen in the estrogen-treated group. A suggestion 
of an effect of estrogen upon constituents of the acid soluble phosphorus 
fraction may be found in the observations of Dirscherl and Hauptmann 
(1950) who reported that estrogens stimulate anaerobic glycolysis and 
respiration in liver slices and of McShan, Meyer and Erway (1947) and 
Case and Dickens (1948) who found that some estrogens inhibit the suc- 
cinoxidase and cytochrome oxidase systems. 

In the x-irradiated animals the ASP concentration closely paralleled 
the values for PNAP and therefore the comments made for PNAP apply 
in this case. 

The concentration of ASP in the testes of eighty-day cryptorchid rats 
was somewhat higher than in normal adults while in the two hundred-day 
cryptorchids the concentration was similar to the normal value. We are 
unable to offer an explanation for these variations. 

The observation that the concentration of the LP fraction in the testes 
of hypophysectomized and estrogen-treated rats does not differ from the 
normal value would seem to confirm the reports of Sinclair (1940, 1941) 
that the testicular phospholipids are inert. 

The testes of x-irradiated animals and of the two groups of cryptorchid 
animals showed concentrations of LP which were significantly higher than 
the corresponding value for normal adult testes. It is noteworthy that the 
Sertoli cells are a constant feature as well as the predominant type of cell 
in these groups and it might be offered as a possible explanation that the 
Sertoli cell contains a larger quantity of phospholipid. On the other hand 
the experimental conditions imposed in the cryptorchid and x-u’radiated 
animals may possibly have altered directly the phospholipid content. It 
is obvious, however, that the present status of our knowledge regarding 
phospholipid metabolism renders extremely difficult the proposal of any 
sound interpretation of these observations. 

The absolute values for all fractions in the experimental series were 
lower than the normal adult values. This is not surprising since the testes 
of all of the experimental animals were much smaller than normal and had 
various types of cells missing from their seminiferous tubules. 

SUMMABY AND CONCLUSIONS 

The testes of hypophysectomized, estrogen-treated, x-irradiated and 
cryptorchid rats were analyzed for pentose nucleic acid phosphorus, 
desoxypentose nucleic acid phosphorus, total nucleic acid phosphorus, 
acid soluble phosphorus and lipid phosphorus. Observations also were made 
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on routine histologic preparations and on' 03 ^ 0 chemical preparations with 
the Feulgen reaction and for c 3 '-toplasmic basophilia. The latter two pro¬ 
cedures are considered to be related to desox 3 rpentose nucleic acid and 
pentose nucleic acid, respectivel 3 f. 

In testes from h 3 TDoph 3 ^sectomized and estrogen-treated animals the 
concentrations of all phosphorus fractions, except the lipid fraction, showed 
definite increases over the normal adult values. 

In testes from x-irradiated animals moderate increases in the concentra¬ 
tions of all phosphorus fractions were seen. 

In the cryptorchid rats a striking increase in the concentrations of the 
lipid fraction and a definite increase in the concentration of desox 3 ^pentose 
nucleic acid phosphorus were observed. The other fractions in testes from 
these animals showed only moderate increases in concentration. 

The absolute values for all fractions in each of the experimental series 
were considerably lower than the equivalent values for normal adult 
animals. This is in keeping with the reduced size of the testes. 

The concentrations of the various phosphorus fractions in the testes 
of hypophysectomized and estrogen-treated animals showed rather definite 
patterns which appeared to depend upon the tyT)es of cells which are pres¬ 
ent in such testes. On the other hand the values for the, concentration of 
the several phosphorus fractions in testes of x-irradiated and cryptorchid 
animals present certain inconsistencies which may be due to physical and/ 
or chemical alterations which are superimposed on such changes as ma 3 ’' 
have occurred as a result of alterations in the cell populations. Further 
evaluation of these factors and their influences will require additional and 
more detailed studies. 
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NOTES AND COMMENTS 

SERUM ANTIDIURETIC SUBSTANCE (ADS) IN THE SHEEP AND COW 

Although serum ADS has been found in rats (Birnie et al., 1949); in humans (Lloyd 
and Lobotsky, 1950; Hawker, 1952a and 1952b); and in the kangaroo rat (Ames and 
van Dj^ke, 1952) a quantitative estimation of it in the sera of sheep and cows has not 
previously been reported. 

This note reports the finding of serum ADS in sheep and cattle. 

PROCEDURE 

The method of Birnie et al. (1949)for measuring ADS in rats’ sera was used in these 
e.vperiments; the ADS units have been quantitated in terms of milliunits of pitressin 
(Parke Davis pitressin 20 u. per ml.). Serum ADS was assayed in the following groups; 

A. Sheep 

(1) Non-pregnant, non-lactating ewes (8 animals) 

(2) Pregnant, non-lactating ewes (4 animals) 

B. Cattle (Dairj"^ and Beef) 

(1) Non-pregnant, non-lactating dairy cows (S animals) 

(2) Non-pregnant, lactating dair}'' cows (8 animals) 

(3) Pregnant, non-lactating dairy cows (8 animals) 

(4) Pregnant, lactating dairy cows (6 animals) 

(5) Dairy bull (1 animal) 

(6) Non-pregnant, non-lactating beef cows (3 animals) 

(7) Beef bull (1 animal) 

The dairy cows were graded into Grades I, II and III, according to their capacity to 
produce milk. The Grade I cows belonged to a record-holding herd for milk production 
in Queensland, Australia. 


Table 1. ADS concentration in sheep during non-pregnancy and pregnancy 


Species 

Type 

1 

No. 

assayed 

No. of 
assays 

! i 

mfj ADH/ml. | 
serum j 

ma 

ADH/ml. 

(mean) 

Sheep 

non-pregnant & j 

non-lactating 

1 

1 

1 

8 

1 

1 

! 

8 i 

i 

i 

1 

o.oo; 

0.50 

0.35 

0.751 

0.301 

2.00] 

2.10 

1 .25J 

’ 

1 

1 

1 

1.16 

Sheep 

pregnant & 
non-lactating 

4 

4 

4.601 

5.85 

6.10! 

3.85J 

1 

5.10 
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RESULTS 

A. Serum ABS in Sheep 

Serum ADS was found in both the non-pregnant and pregnant sheep, with a higher 
concentration occurring during pregnancy, as shown in Table 1. 

B. Serum ADS in Cattle 

An antidiuretic substance was also determined in the sera of the daily and beef cattle 
examined, and the results are presented in Table 2. 

Table 2. ADS concentration in dairy and beef cattle during 

NON-PREGNANCY, PREGNANCY AND LACTATION 


Cattle 

Type 

No, 

assayed 

Grade 

niM ADH/ml. 
serum 

Mean 

Reproductive 

state 

Dairy 

non-pregnant & 
non-lactating 

2 

1 


3.60 

nulliparous 

pre-puberal 


non-pregnant & 
non-lactating 

3 

1 


i 

5.37 

nilliparous 

post-puberal 


non-pregnant & 
lactating 

4 

1 

7.701 
5.sol 
7.101 

s.ooj 

> 

7.15 

parous 


pregnant & 
non-lactating 

4 

1 

5.901 

7.151 

7.501 

7 . 55 J 


7.02 

— 


non-pregnant & 
non-lactating 

4 

2 

6.001 
5.05 1 
7.351 

7 . 70 J 


6.52 

parous 


non-pregnant & 
lactating 

4 

i 3 

4.951 

3.851 

5.801 

3 . 30 J 

1 

1 

> 

4.47 

parous 


pregnant & 
non-lactating 

4 

3 

6.201 

4.15 

5.00 

5.15j 


5.12 

— 


pregnant & 
lactating 

6 

1 

7.25' 

4.35 

3.20 

5.95 

5.75 

5.30, 


5.30 

— 


Bull 

1 

1 



3.45 

— 

Beef 

non-pregnant & 
non-lactating 

2 


4.30\ 

3.40/ 

3.85 

nulliparous 

post-puberal 


Bull 

1 




2.90 

— 


Reference to Table 2 shows that in any type examined the better the dairj’^ cow is 
graded for milk production, the higher is her serum ADS level. 
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SUMMART AND CONCLUSIONS 

(1) A substance possessing antidiuretic properties (ADS) is present in the fresh!}’- 
drawn sera of sheep and cattle. 

(2) In ewes the serum ADS level is higher during pregnancj" than in the non-pregnant 
state. 

(3) In dairy cows of Grade I milking strain the serum ADS level is lowest in pre- 
puberal heifers, and shows increments with sexual maturity, pregnancj’- and lactation. 
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SERUM ANTIDIURETIC SUBSTANCE (ADS) IN THE HUMAN FEMALE 

A substance possessing antidiuretic properties (and henceforth referred to here as 
ADS) was found in the serum of rats by Birnie el al. (1949); in the human by Llo 3 'd and 
Lobotsky (1950), and by Hawker (1952a and 1952b); and in the kangaroo rat, Dipo- 
domj's merriami, bj' Ames and van Dyke (1952). Birnie et al. (1949) consider that 
ADS found in rat serum is probably identical with the antidiuretic hormone (ADH) 
produced by the posterior pituitar}'^ gland. 

This paper reports the finding of ADS in the adult human female during the normal 
menstrual c)’cle, pregnancy and the immediate post partum period. 

PROCEDURE 

Serum ADS was assa 5 -ed according to the method of Birnie ci al, (1949). A graph was 
constructed correlating ADS units with milliunit concentrations of freshly prepared 
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pitressin (Parke Davis. 20 u. per ml.). Serum ADS was assayed in the following groups: 

(1) Healthy non-pregnant females—-mostly (medical) students—aged between 17-22 
years; in all, 65 assays were done on 28 individuals at different times during the menstrual 
cycle. 

(2) Healthy pregnant women—usually from the 10th or 12th week following the 
last menstrual period; a total of 61 assays were performed on 24 women. 

(3) Healthy women in immediate post partum period; 50 assays were done on 11 
women in the first 4-5 days after delivery. 

RESULTS 

This work shows that ADS is present in the serum of the healthy, cyclically menstru¬ 
ating female. Figure 1 shows clearly that during the menstrual cycle the serum ADS level 
is most commonly 0-1 mfi ADH/ml. of serum; the arithmetic mean of the 65 assaj's 
examined was 1.43 (S.D. +1.18) m/x ADH/ml. of serum. Figure 1 also reveals that during 
pregnancy the serum ADS level is higher than during the menstrual cycle, and the dis¬ 
tribution is wider. Here the serum ADS level is most commonly 5-6 mu ADH/ml. of 
serum; the mean of the 61 assays was 4.53 mju (S.D. + 1.34 ADH/ml. of serum. 



PREGNANT 

MOHfRKHNff 


Fig. I. Histogram of serum ADS levels in pregnant and 
non-pregnant women. 
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The serum ADS levels in the weeks of the menstrual oj^cle are expressed in Table 1. 
Table 1. ADS concentration during the menstrual cycle 




Milliunits of ADH/ml. serum 

Menstrual Cycle 

Whole Cycle 

1.43 (S.D.+1.18) 

Mean of 65 assays 


0- 7 days 

1.48 i 

Mean of 17 assays 


8-14 days 

0.95 i 

Mean of 10 assays 


15-21 days 

1.72 

Mean of 12 assays 

j 

22-28 days 

1.45 

Mean of 15 assays 


Some results are not included, as a record of the time in the menstrual c 5 -ele, when the 
aisaj's were done, was not obtained. 

The serum ADS levels during pregnancy are presented in Table 2, from which it will 
be seen that the level appears to remain comparativel}^ stead}" throughout pregnancy 
with perhaps a slight over-all upward trend as pregnancy advances. 

Table 2. ADS concentration during nor.mal pregnancy 

AND FIRST DAY' POST PAKTU.M 


Time 

Milliunits ADH/ml. serum (mean) 

1st Trimester j 

3.69 j 

(4 assays) 

2nd Trimester 1 

4.21 i 

(15 assays) 

3rd Trimester 

4.37 

(21 assays) 

Last month of pregnancy 

4.37 

(9 assays) 

1st day post partum I 

5.50 

(11 assays) 


Some results are not included in the table because a record of the period of gestation 
was not obtained. 

Immediately after parturition the serum ADS levels are higher than are found in 
non-pregnant women, and reference to Table 3 will show that a correlation appears to 
e.xist between the level of serum ADS and the onset of lactation. Here there occurred an 
initial post partum fall in the serum ADS leY'el, and lactation began within a few hours 
after the serum ADS approached or reached its lowest recoided initial level. In no in¬ 
stance did lactation begin before the initial fall in the serum ADS level. 

Table 3. ADS concentration and onset of lactation 


Days after parturition 


Case 


Alilliunits ADH/ml. serum 



1 1 

2 

3 

4 

i ^ 

1 

7.0 

5.85 

5.0 

4.15 

5.2 

2 

4.9 

4.45 

4-0 



3 

3.45 

4.85 

2.35 

6.15 


4 

S.5 

3.15 

3.35 

5.1 j 


5 

5.95 

5.2 

2.9 

3.0 i 

5.1 

6 

4.45 

4.3 

3.35 

7.1 j 

2.3 

7 

4.4 

3.84 

0 

7.2 

3.9 

s 

7.85 

S.S 

5.3 



9 

0.5 

B.IB 

7.2 

2.95 

4.1 

10 

5.6 

5.6 1 

5.85 

3.45 

3.9 

11 

6.9 

8.1 

4.9 

1 

2.75 

1 5.45 


Italicized figures = Lactation commenced within hours of this point. 
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The mean concentrations of ADH/ml. of serum for the eleven cases on the first claj^ 
post partum and at the onset of lactation were 5.50 (S.D.+ 1.29) and 3.11 (S.D.+ 1.39) 
respectively. (First post partum reading for Case No. 4 excluded as lactation commenced 
on the first day post partum.) 

SUMMARY AND CONCLUSIONS 

(i) A substance possessing antidiuretic properties (ADS) is present in the freshly 
drawn serum of women during the normal menstrual cycle, normal pregnancy and early 
post partum period. 

(ii) The serum ADS level is higher during pregnancy than during the menstrual cycle, 
(hi) It is postulated that this high level during pregnancy accounts for some of the 

water retention of pregnancy. 

(iv) A correlation appears to exist between the level of serum ADS after parturition 
and the onset of lactation. In each of the eleven cases examined, lactation always began 
after an Initial fall in the serum ADS level. 
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THE 1953 ANNUAL MEETING 

The Thirty-fifth Annual Meeting of The Endocrine Society will be held 
in the Hotel Statler, New York, New York, Thursday, Friday, and Satur¬ 
day, May 28-29-30, 1953. 

The Conunittee on Local Arrangements is Dr. Earl T. Engle, Chairman, 
with Drs. Rulon W. Rawson and Sidney C. Werner as members of the 
Committee. 

AH Scientific Sessions will be held in the Hotel Statler. The rooms iu 
which each session will be held will be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, May 
29, at 7:30 p.m., preceded by cocktails at 6:30 p.m. 

All members are urged to make hotel reservations immediately inasmuch 
as the hotels expect to be filled to capacity. Reservations should be made 
directly with the Hotel Statler, advising time of arrival and departure 
date. Make your reservations now and avoid disappointment. 

1953 AWARDS AND FELLOWSHIPS 

Awards and Fellowships presented by The Endocrine Society carr}^ no obligation 
by the recipient to the Society or to the donors. 

FELLOWSHIPS 

Society Fellowships are designed to assist men or women of exceptional 
promise in furthering their educational training and advancement toward 
a scientific career in endocrinology. Fellowships may be awarded to an in¬ 
dividual who possesses the Ph.D. or M.D. degree or to a candidate for 
either of these degrees. The stipend, which will not exceed $5,000, may be 
divided into two Fellowships in varying amounts in accordance with the 
qualifications of the appointee. The Committee will, in reviewing the pro¬ 
posed program of study, consider the amount of time which the Fellow 
intends to spend in course work and/or teaching. He must present evi¬ 
dence of scientific ability as attested by studies completed or in progress 
and/or the recommendation of responsible individuals. He must submit a 
program of proposed study, indicate one or more institutions where the 
proposed program will be followed, and submit statements of approval 
from the investigators with whom he proposes to conduct his research. 
He must serve full time if awarded a Fellowship. A small amount of time 
(10 to 15 per cent) may be allotted for course work or for participation in 
teaching, the latter purely on a voluntary basis. 

THE AYERST, McKENNA AND HARRISON FELLOWSHIP 

This Fellowship will not be awarded in 1953 in order that it may ac¬ 
cumulate toward a $5,000 Fellowship to be awarded in 1954. 

THE SCHERING FELLOWSHIP IN ENDOCRINOLOGY 

The Schering Fellowship in Endocrinology was established in 1949 and 
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AWARDS AND FELLOWSHIPS 


January, 195S 


the first recipient was Dr. D. Laurence Wilson in 1950. Dr. John D. Stoekle 
was chosen as the recipient of the 1951 Fellowship. Inasmuch as he was 
unable to accept due to a call to military service, the same Fellowship 
was reawarded in 1952 to Dr. C. L. Courtright. The 1953 Schering Fellow¬ 
ship will be in the amount of S5,000 and will henceforth be given in the 
same amount on alternate years. 

AWARDS 

THE SQUIBB INSTITUTE FOR MEDICAL RESEARCH AWARD 

This Award of $1,000 was established in 1939 by The Squibb Institute 
for Medical Research and was given first in 1940 to Dr. George W. Corner; 
in 1941 to Dr. Philip E. Smith; in 1942 to Dr. Fred C. Koch; in 1944 to 
Dr. E. A. Doisy; in 1945'to Dr. E. C. Kendall; in 1946 to Dr. Carl G. 
Hartman; in 1947 to Drs. Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller 
Albright; in 1949 to Dr. Herbert M. Evans; in 1950 to Dr. C. N. H. Long; 
and in 1951 to Dr. J. B. Collip. No Award was given in 1943. This Award 
was increased to the amount of $2,500 beginning with the 1952 Award and 
the recipient was Dr. James H. Means. A special committee of five mem¬ 
bers of the Society selects the recipient from among investigators in the 
United States or Canada, on the basis of outstanding contributions to 
endocrinology. 

THE CIBA AWARD 

The Ciba Award, to recognize the meritorious accomplishment of an 
investigator not more than thu’ty-five years of age in the field of clinical 
or pre-clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoff¬ 
man; in 1947 to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; in 1949 to 
Dr. George Sayers; in 1950 to Dr. Oscar M. Hechter; and in 1951 to Dr. 
Albert Segaloff. Effective in 1952, the Award was increased from $1,200 
to $1,800 and the recipient was Dr. Seymour Lieberman. If within twenty- 
four months of the date of the Award, the recipient should choose to use 
it toward further study in a Laboratory other than that in which he is at 
present working, it will be increased to $2,500. 

NOMINATIONS 

Each member has the privilege of making one nomination for each 
Fellowship or Award. A nomination should be accompanied by a state¬ 
ment of the importance of the nominee’s contributions to, or interest in, 
endocrinology and by a bibliography of the nominee’s most important 
publications, with reprints if possible. The nominations should be made on 
special application forms which may be obtained from the Secretary, Dr. 
Henry H. Turner, 1200 North Walker Street, Oklahoma City, Oklahoma, 
and returned to him not later than March 1, 1953. 
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THE EFFECT OF ANDROGENIC HORMONES UPON 
THE ADRENAL ATROPHY PRODUCED BY CORTI¬ 
SONE INJECTIONS AND UPON THE ANTI¬ 
INFLAMMATORY ACTION OF CORTISONE' 

CHARLES A. WINTER, HELEN L. HOLLINGS and ROBERT 

B. STEBBINS 

From the Merck Jnstitute for Therapeutic Research, Rahway, Neiv Jersey 

Z IZINE, Simpson and Evans (1950) reported that testosterone 
brought about a significant degree of adrenal repair in hypophy- 
sectomized animals. Since cortisone produces adrenal atrophy vdiich re¬ 
sembles in many respects that seen after hypophysectomy, it was of in¬ 
terest to determine whether androgenic hormones would antagonize this 
effect of cortisone. 


MATERIAL AND METHODS 

Young adult male Holtzman rats were used in this stiidj^ except for the e.xperiments 
where hj^poph 3 rsectomized rats were emploj'ed; the latter were purchased from the 
Hormone Assa}^ Laboratories, Inc., Chicago. Steroids were injected in saline suspen¬ 
sion subcutaneouslj", once dailJ^ Some e.xperiments were performed with testosterone 
propionate, but the androgen emplo}md in most of the studj^ was 17(a)-metii}d-A®- 
androstene-3(P)-17(;3)-diol (metl^d-androstenediol or mestenediol)* (M.A.D.). The 
cj'tochemical methods used in this investigation have been described elsewhere (Steb- 
bins, 1951a). 


RESULTS 

Effect of testosterone in cortisone-treated rats. Table 1 gives the results of 
experiments in which cortisone was injected dailj'- for a period of 9 days. 
Although adrenal atroply is not maximal within that period of time, it 

Received for publication August 22, 1952. 

’ Part of this work was presented at the Fall Meeting of the American Societ}- for 
Pharmacologj' and Experimental Therapeutics, Omaha, Nebraska, October 15-17, 
1951, and an abstract appears in the Proceedings of that meeting (ff- Pharmacol. Expcr. 
Therap. 103: 3G6. 1951). 

* The authors gratefullj' acknowledge generous supplies of methj-landrostenediol 
through the courtesy of Dr. K. W. Thompson, Organon, Inc., Orange, N. J. 
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Table 1. Effect of testosterone propionate upon the adrenal atrophy produced by 
CORTISONE. Treatments continued for 9 days, mean values for groups of 8 rats 



Body weight 

Thymus, 

mg. 

Adrenals 

Treatment 

Initial, 

g- 

Final, 

g- 

mg. 

Mg./lOO g. 
body wt. 

Cortisone acetate 1.5 mg. 

107 

114 

65 

14.5 

12.8 

Cortisone acetate 3 mg. 

98 

104 

24 

14.1 

13.5 

Cortisone acetate 1.5 mg.-f-tes- 






tosterone propionate 2.5 mg. 

101 

119 

26 

19.2 

16.3 

Cortisone acetate 3 mg.-|-tes- 






tosterone propionate 2.5 mg. 

109 

108 

18 

19.0 

17.8 

Untreated controls 

109 

165 

522 

29.9 

18.1 


has been shown that most of the atrophy produced by cortisone occurs 
within the first 10 days (Winter, Silber and Stoerk, 1950). In the present 
experiment, there was not much difference in the degree of adrenal atrophy 
produced in 9 days by 1.5 mg. and by 3 mg. of cortisone acetate. Testos¬ 
terone propionate, when given in conjunction with cortisone, prevented 
the adrenal atrophy to a considerable extent. It did not, however, prevent 
the suppression of body growth or atrophy of the thymus which is char¬ 
acteristic of cortisone-treated rats. 

Effect of methylandrostenediol in cortisone-treated rats. When M.A.D. 
was given in graded doses in combination with 2.5 mgm. daily of cortisone 
acetate, a degree of prevention of adrenal atrophy was obtained which was 
directly related to the dose of M.A.D. employed up to 0.5 mgm. daily 
(Table 2). 0.05 mg. of M.A.D. produced no noticeable effect, but when 
0.5 mg. was given to the cortisone-treated rats, the adrenals remained with- 

Table 2. Effect of graded doses of methylandrostenediol (M.A.D.) upon the 

ADRENAL ATROPHY PRODUCED BY CORTISONE. TREATMENTS CONTINUED FOR 19 DAYS 

(Experiment 1) or 18 days (Experiment 2); mean values for groups 

OF 9 TO 10 RATS 



Experi- 

Body 

weight 


Adrenals 

Treatment 

ment 

No. 

Initial, 

g- 

Final, 

g- 

mg. 

Mg. 

mg./lOO g. 
body wt. 

Cortisone acetate 2.5 mg. 

1 

106 

92 

23 

13.0 

14.3 +0.66* 

Cortisone acetate 2.5 mg. 

2 

120 

111 

23 

12.9 

11.8+0.59 

Cortisone acetate 2.5 mg. 

-f-M.A.D. 0.05 mg. 

1 

113 

106 

22 

14.7 

13.9+0.60 

Cortisone acetate 2.5 mg. 

-fM.A.D. 0.1 mg. 

1 

106 

99 

20 

15.0 

15.1+0.68 

Cortisone acetate 2.5 mg. 

-f M.A.D. 0.25 mg. 

1 

111 

98 

20 

15.8 

16.2±0.89 

Cortisone acetate 2.5 mg. 

-fM.A.D. 0.5 mg. 

2 

115 

116 

25 

23.7 

20.5 + 1.45 

Methylandrostenediol 0.5 

mg. 

2 

125 

188 

381 

43.8 

24.2 + 1.S3 

Uninjected controls 

1 

111 

190 

435 

39.3 

21.3+1.81 

Uninjected controls 

2 

125 

198 

440 

42.7 

21.8 + 1.07 


* Standard error. 
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in the limits of normal size for rats of corresponding body weights. Higher 
doses of M.A.D. (not shown in the table) produced no greater effect upon 
adrenal weight. Thymus atrophy was virtually complete in all the animals 
treated with cortisone regardless of whether or not M.A.D. was also ad¬ 
ministered. The M.A.D. did not counteract the suppression of body 
growth by cortisone. M.A.D. by itself, in a dose of 0.5 mg. dail 3 '' for IS 
days produced about a 13 per cent decrease in thymus weight, but bodj"- 
weight and adrenal size were not significantly affected. 

Histological examination of the adrenal glands of these animals demon¬ 
strated that the changes produced by cortisone could be largely prevented 
by concurrent administration of M.A.D. Cortisone produced a decrease in 
width of the cortex due to diminution in size of the cells of the zonae 
fascicularis' and reticularis (Fig. 1). C 3 d,oplasmic lipid (Fig. 7) and hire- 

Table 3. Effect of cortisone and methylandrostenediol upon adrenal weight 

IN hypophysectomized rats 
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ment with the androgen did not prevent this excessive weight loss (P for 
difference in body weight loss, Groups I and III >0.05). M.A.D. alone 
did not significantly alter the weight loss in comparison with uninjected 
controls (P >0.05). Therefore, onty the cortisone affected weight loss in the 
hypophysectomized rats; this loss in weight was greater than that com¬ 
monly seen in intact rats treated with a similar dose of cortisone. 

Effects on adrenal weights were very different from effects on bod}^ 
weight. Neither cortisone nor M.A.D. restored the adrenals of the hypo¬ 
physectomized rats, but the combination of the two steroids restored the 
adrenals almost to the size of those observed in intact rats of comparable 
body weights. 

The atrophy of the adrenals in the hypophysectomized rats receiving 
cortisone is shown in Figure 3, while Figure 4 demonstrates the repair 
occurring as a result of combination therapy of the two steroids. The atro¬ 
phy in the presence of cortisone alone was not significant!}’’ greater than 
that seen in uninjected hypophysectomized controls, in confirmation of 
Stebbins (1951b). The extremely small size of the cells of the inner zones of 
the cortex of these atrophic glands (Fig. 3) was due to loss of cytoplasm, 
particularly of cytoplasmic lipid; the glomerulosa, in contrast, was thick¬ 
ened and showed a heavy deposition of lipid (Fig. 9). M.A.D. alone did not 
effectively restore the normal histological picture. The cells of tlie inner 
zones in these rats contained large vacuoles in which no lipid could be 
demonstrated. Considerable repair of the adrenal cortex could be seen in 

^ - -V/// 

Plate I. Paraffin Sections of Rat Adrenals XIOS. Hejiatoxvlin-Eosin 

Fig. 1. Adrenal of intact rat injected daily with 2.5 mg. of cortisone acetate for IS 
daj’s. The cells of the inner cortical zones are reduced in size due to loss of cj'toplasmic 
lipid, Tlie glomerulosa appears slightl)' wider than normal. 

Fig. 2. Intact rat injected dail}' with 2.5 mg. of cortisone acetate and 0.5 mg. nietl) 3 -l- 
androstenediol for 18 da 3 ’s. Inner cortical cells contain more c 3 ’toplasmic lipid than in 
Fig. 1. The glomerular zone is essential!}’ normal. 

Fig. 3. H 3 ’poph 3 'sectomized rat treated dail}' with 2.5 mg. of cortisone acetate for 
18 da 3 ’S. Atrophic cells of inner cortex have lost lipid and nuclei are small and closel}' 
packed. Glomerulosa appears thickened. 

Fig. 4. H 3 ’poph 3 ’sectomized rat treated dail}’ with 2.5 mg. of cortisone acetate and 
0.5 mg. of meth 3 -landrostenediol for 18 da 3 's. Cells of zonae fascicularis and reticularis 
are larger and contain more e 3 'toplasmic lipid and the glomerulosa is thinner than in 
Fig. 3. 

Fig. 5. Intact rat injected dail}' with 2.5 mg. of cortisone acetate for 32 da 3 's. The 
section gives evidence of severe contraction of inner corte.v with virtual extinction of 
cellular lipid and small closel}- arranged nuclei. Glomerulosa appears thickened. 

Fig. 6 . Intact rat injected with 2.5 mg. of cortisone acetate for 31 da 3 ’s and 0.5 
mg. of metlp'landrostenediol dail}’ from 18th to 31st day. Section displa 3 -s a much wider 
inner cortex due to presence of lipid and pink-staining c 3 'toplasm. Subglomerular and 
outer fascicular cells appear more closel}' packed than cells deeper in cortex. 
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the animals receiving combined therapy with the two steroids (Fig. 4). The 
adrenal cortices of these animals were much wider than those of untreated 
controls, or of those receiving either steroid alone. The cells were larger 
and more distinct and contained considerably more lipid (Fig. 10), while 
the birefringent particles were finer and more diffusely arra 3 ^ed (cf. Figs. 
13 and 14). In these respects the glands more nearly resembled those of 
intact rats. In general, the histological studj'^ confirmed the data obtained 
on adrenal Aveights. 

Reversal of cortisone-indticed adrenal atrophy. Ha\dng determined that 
M.A.D. could prevent cortisone-induced atrophy, and that the combina¬ 
tion of steroids was effectiA'^e in hypophj^sectomized rats, we next attempted 
to determine whether M.A.D. could restore the adrenals of intact rats in 
which atrophj'^ had ah-eady been produced by cortisone, and also whether 
M.A.D. could hasten recovery of the adrenals after discontinuance of 
cortisone injections. Accordingly, 78 male rats weigliing about 95 grams 
were injected with 2.5 mg. of cortisone daib'- for 17 days. These animals 
AA'ere then diAuded into groups of six rats, as shown in Table 4. In some 
groups (la to Id) cortisone Avas continued for varying lengths of time to 
obtain control figures on the degree of atrophy produced by this steroid. 


- ///// 

Plate II. Distribetion of Lipid and Birefringent Material in Frozen 
Sections of Rat Adrenals X 108. Sudan Black B. 

Fig. 7. Adrenal of intact rat injected daily with 2.5 mg. of cortisone acetate for 18 
days. Shrunken cells of inner corte.v have lost appreciable amount of lipid. 

Fig. 8. Intact rat injected daily Avith 2.6 mg. of cortisone acetate and 0.5 mg. of 
methylandrostenediol for 18 days. Larger cortical cells are laden with lipid. 

Fig. 9. Hj'pophysectomized rat treated AA'ith 2.5 mg. of cortisone acetate for IS 
days. Lipid is lost from outer area of inner cortex. Thickened glomerulosa contains 
large amount of cellular lipid. 

Fig. 10. Hj’'pophysectomized rat treated daily Avith 2.5 mg. of cortisone acetate 
and 0.5 mg.' of methylandrostenediol for 18 da 3 's. Large cells of fasciculata and reticularis 
are laden with lipid. Thinner glomerulosa shows less lipid than in Figure 9. 

Fig. 11 . Intact rat injected dailj’^ Avith 2.5 mg. of cortisone acetate for IS daj's. 
Coarse birefringent accumulations appear in glomerulosa Avith A'erj' fine particles in 
inner corte.x. Subglomerular zone betAveen them is empt 3 % 

Fig. 12. Intact rat injected daib’^ with 2.5 mg. of cortisone acetate and 0.5 mg. of 
of methylandrostenediol. Fine birefringent particles appear in the glomerulosa. A 
mixture of fine and coarse particles are seen in the fasciculata and reticularis. 

Fig. 13. H 3 'poph 3 'sectomized rat treated daib'' AA-ith 2.5 mg. of cortisone acetate for 
18 daA's. The glomerulosa displa 3 ’s closeb' arranged fine particles. The atrophic cells of 
inner cortex contain for the most part A^ery fine delicate birefringent particles. 

Fig. 14. H 3 ^poph 3 'sectomized rat treated daib’’ with 2.5 mg. of cortisone acetate and 
0.5 mg. of meth 3 ’landrostenediol for 18 da 3 ’s. Ver 3 ’ fine particles of glomerulosa are 
more freeb' distributed than in Figure 13. Larger cells of inner cortex contain larger 
and more distinct birefringent material. 
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Table 4. Reversal by methylandrostenediol (M.A.D.) of adrenal atrophy 

PRODUCED BY CORTISONE ACETATE 



Treatment 

Mean adrenal 
weight, mg. 

I. 

Cortisone acetate 2.5 mg. daily for; 



a. 17 da. 

11.2 


b. 21 da. 

11.5 


c. 24 da. 

11.7 


d. 31 da. 

10.6 

II. 

Cortisone acetate 2.5 mg. daily for; 



a. 21 da., M.A.D. 0.5 mg. last 4 da. 

15.0 


b. 24 da., M.A.D. 0.5 mg. last 7 da. 

14.2 


c. 31 da., M.A.D. 0.5 mg. last 14 da. 

15.4 

III. 

Cortisone acetate 2.5 mg. for 17 da.; 



a. sacrificed 4 da. after last injection 

16.3 


b. sacrificed 7 da. after last injection 

23.7 


c. sacrificed 14 da. after last injection 

27.7 

IV. 

Cortisone acetate 2.5 mg. for 17 da., then cortisone discontinued and 



M.A.D. 0.5 mg. started: 



a. sacrificed 4 da. after last cortisone 

17.6 


b. sacrificed 7 da. after last cortisone 

21.6 


c. sacrificed 14 da. after last cortisone 

25.4 


In comparable groups (Ila to lie) M.A.D. was given in conjunction with 
cortisone. during the last portion of the period of cortisone treatment. 
Additional groups were studied to determine tlie rate of adrenal recovery 
after discontinuance of cortisone without (Ilia to IIIc) and with (IVa to 
IVc) M.A.D. 

The data demonstrate that after cortisone had been injected for 17 
days, no further adrenal atrophy took place when injections were pro¬ 
longed (Groups la to Id). When adrenal atrophy was allowed to occur, 
and then M.A.D. was given along with continuing cortisone injections 
(Groups Ila to lie), a significant degree of recovery occurred (P = 0.02). 
This recovery did not completely restore the adrenals to normal size, how¬ 
ever. After cortisone was discontinued, recover}^ of the adrenals took 
place at the same rate whether or not M.A.D. was administered during the 
recovery period (Groups III and IV); in each case, the difference between 
adrenal size in the “recovery” animals with and without M.A. D. was not 
significant (P >0.05). 

The histological picture of adi-enal repair shown in Figure 6 is taken 
from an animal of Group lie. This is in contrast to the markedly atrophic 
adrenals of the animals which received cortisone for the same length 
of time without M.A.D. (Fig. 5, animal of Group Id). Recovery of the 
adrenal cortex after discontinuance of cortisone has been described 
in a previous communication (Winter, Silber and Stoerk, 1950). Essen¬ 
tially, the same restoration of the histological picture was seen in the pre¬ 
sent series. Histologically, there was not much difference between the re¬ 
covery with and without M.A.D., although there seemed to be a slight 
difference in favor of the M.A.D.-treated rats after 4 days of recovery 
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Table 5. Effect of cortisone acetate and methvlandrostenedioe (M.A.D.) upon 
THE edema produced BY INJECTION OF IRRITANT (0.1 CC. OF 0.5 PER CENT AgNOj SOLUTION- 

IN rat’s foot) 


Treatment 

Amount of edema* 

3 hours 

24 hours 

Untreated controls 

51.8 

42.2 

M.A.D.—3 mg. daily for 3 da. 

42.5 

48.7 

Cortisone—1.5 mg. daily for 3 da. 

33.8 

30.8 

Ai.A.D.— 3 mg. -f-cort. ac. 1.6 mg. daily for 3 da. 

25.0 

27.2 


* “Amount of edema” =difference in cross-sectional area of foot before and after irritant 
(see text). 


(Group IVa compared to Ilia) and a slight difference in favor of those 
without M.A.D. in the later recovery groups (I^Hd and c compared to Ilb 
and c). These differences were too small to be certain of their significance. 

Effect of methylandrostenediol upon the anti-inflammatory action of corti¬ 
sone. Since M.A.D. clearly antagonized the production of adrenal atrophy 
by cortisone, it w’as of interest to determine whether this androgen would 
also antagonize the anti-inflammatory effects of cortisone. Sely (1949) has 
shown that cortisone inhibits the local effect of irritants injected under the 
plantar surface of the rats’ foot. We have employed a similar technique, 
using as an irritant 0.1 cc. of 0.5 per cent AgNOj solution, and measuring 
the edema 3 hours and 24 hours after the irritant. The animals were pre¬ 
treated for 3 days with steroids subcutaneously. The results are given in 
Table 5. The “amount of edema” was calculated as follows: measurements 
qf two diameters of the rat’s foot were made by calipers at about the mid- 
metacarpal line. Assuming the cross-section of the foot to be an ellipse, the 
cross-sectional area in sq. mm. was calculated. The difference between this 
area before and after injection of irritant was termed “amount of edema.” 


Table 6. Effect of cortisone and methylandrostenediol (M.A.D.) upon granuloma 

FORMATION INDUCED BY SUBCUTANEOUS COTTON PELLETS IN RATS 


Treatment 


Per cent increment in dry 
weight cotton pellet 


A. Systemic steroids 

Untreated controls 146 ± 6.6* 

M.A.D. 3 mg. daily for 6 da. 123 ±9.8 

Cortisone acetate 2 mg. daily for 6 dii. 70+5.0 

Cortisone acetate 2 mg. -fM.A.D. 3 mg. daily for 6 da. 70 +3.5 

B. Local Steroids 

Cortisone acetate 0.25 mg. 123t 

Controls 102 

M.A.D. 0.75 mg. I'lS 

Controls I-IS 

Cortisone acetate 0.25 mg. +M.A.D. 0.75 mg. OBJ 

.Controls 139 


* Standard error. 

t Difference between controls and treated animals, P=0.05. 
f Difference between controls and treated animals, P <0.01. 
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It is apparent that M.A.D. alone had no effect upon the production of 
edema, and that cortisone was not less effective in presence of the androgen. 

In another experiment, cotton pellets were implanted subcutaneously 
and the amount of granuloma tissue formed at the site of the pellet was 
determined by removing the pellet together with the granuloma around 
it after 6 days, according to the technique described by Meier, Schuler 
and Desaulles (1950). This reaction is inhibited by cortisone, either ad¬ 
ministered systemically or by local application (incorporation of the steroid 
in the pellet). In the test of the local action of the steroid, a control pellet 
is placed on one side of the animal, and a pellet containing steroid on the 
opposite side. Thus, each animal serves as its own control. Table 6 gives 
the results by both methods of administration. It is evident that M.A.D. 
does not have any influence upon the amount of granuloma formed, nor 
does it antagonize the inhibition of the reaction by cortisone. 

Both these experiments make it clear that although M.A.D. antagonizes 
the effect of cortisone in producing adrenal atrophy, it does not antagonize 
the anti-inflammatory action of cortisone. 

DISCUSSION 

Although cortisone has proven to be useful in a variety of conditions, 
it exerts certain hormonal effects which do not contribute to its therapeutic 
value, and which, indeed, it would be desirable to avoid, if possible. Among 
these is adrenal atrophy. This investigation was undertaken with the 
thought that if one or more of these unwanted effects could be counter¬ 
acted without diminishing the desired actions of the hormone, the useful¬ 
ness of cortisone might be enhanced. This hope seems to have been at 
least partially realized in these animal experiments, although the thera¬ 
peutic applicability of these results has not as yet been demonstrated. The 
hyperadrenocortinism produced in patients by large doses of cortisone 
resembles in many respects the findings in Cushing’s syndrome. Albright 
(1942-43) found androgens to be of value in correcting many of the mani¬ 
festations of this disease. Pearson (1951) also reported that testosterone 
would counteract some of the effects of cortisone on normal tissue. 

Both testosterone and methylandrostenediol exerted a sparing action 
upon the adrenal cortices of animals treated with cortisone. Both these 
compounds are androgens, and both also have anabolic action as shown by 
growth-promotion and nitrogen balance tests (Kochakian, 1949; Horn- 
burger et al., 1950). Methylandrostenediol, however, has been reported to 
be relatively high in the anabolic action typical of androgens, but low in 
androgenic potency (Gordan et al., 1951). It is possible that the sparing 
action of these steroids on the adrenal cortex of cortisone-treated rats is a 
consequence of their anabolic action. In the present experiments, no such 
action could be demonstrated upon the growth-suppressing action of corti- 
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sone. However, it is not necessary to assume that steroids have a qualita¬ 
tively similar action upon metabolic phenomena in all the tissues of the 
body; indeed, there is good evidence that cortisone has opposite metabolic 
effects upon different tissues (Kochakian and Robertson, 1951). It is 
therefore not unreasonable that our experiments might show an anabolic 
action of M.A.D. on the adrenals even though they did not demonstrate 
such action on the body as a whole. 

In the intact animals, it might be argued that M.A.D. could act as a 
stress to effect the release of ACTH, and adrenal atrophy could be pre¬ 
vented by release of this hormone from the hypophysis. Alternatively, 
M.A.D. might block the inhibiting effect of cortisone upon the release of 
ACTH. The results in hypophyseetomized rats deny both these alterna¬ 
tives. The repair of adrenals after h 3 q)ophysectomy when both cortisone 
and M.A.D. are used, but not when either is administered alone leads to tbe 
surprising conclusion that both cortisone and the androgen are necessar 3 '' 
for this result. Also, in the experiments on adrenal repair after establish¬ 
ment of adrenal atrophy b}’’ cortisone, M.A.D. brings about some repair 
if it is administered while cortisone is being given. On the other hand, when 
M.A.D. is given alone; i.e., after discontinuance of cortisone, adrenal re¬ 
pair does not proceed more rapidly than if no steroid is being given. There¬ 
fore, in this experiment as in the experiment with hypophyseetomized 
rats, it appears that it is the combination of the two steroids which is 
effective against adrenal atrophy, rather than either one* alone. On the 
other hand, no combination of the two steroids was used which gave ad¬ 
renals larger than those of nomal intact rats (several dosage ratios were 
tried which were not included in the tables) nor did M.A.D. alone in in¬ 
tact rats produce large adrenals. 

SUMMAHY 

1. Testosterone propionate or methylandrostenediol administered in 
conjunction with cortisone acetate in rats prevented the adrenal atrophj'’ 
which occurred when cortisone alone was given. Adrenal cortices of rats 
given both the androgen and cortisone were essentially normal in size and 
histological appearance. 

2. Combination therapy with methylandrostenedial and cortisone 
produced considerable repair of the adrenals of h 3 'poph 3 ’-sectomized rats. 
Neither steroid alone produced repair of adrenals in such animals. 

3. Adrenals made atrophic by cortisone injection could be partiall 3 ’’ 
repaired b 3 '’ administration of meth 3 dandrostenediol while cortisone 
treatment was continued. However, adrenal recovery after discontinuance 
of cortisone was not hastened b 3 ’- injection of the androgen. 

4. Meth 3 dandrostenediol administered with cortisone did not inhibit 
the anti-inflammator 3 '’ action of cortisone. 
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GONADOTROPINS OF THE PITUITARY GLAND 
AND THE URINE OF THE ADULT 
HUMAN FEMALE 

ROBERT C. BAHN, NONA LORENZ, WARREN A. BENNETT 

AND A. ALBERT 

From the Mayo Foimdation, TJniversily of Minnesota, the Endocrmology Laboratory, 
Section of Physiology, and the Section of Pathologic Aiialomy, Mayo 
Clinic, Rochester, Minnesota 

I N A previous paper (Bairn et al., 1952), a study of the gonadotropins 
of the pituitarj'' gland and the urine of the adult human male was made. 
The purpose of this paper is to present similar data on the pituitary gland 
and the urine of the adult human female. 

I. MATERIALS AND METHODS 

A. Animals. l\'Iale and female Wistar rats (30 to 40 da 3 'S old) were hj"poph 3 'sec. 
tomized; injected, some with pituitary homogenate and others with urine concentrate; 
and subsequently studied as described previous^'. 

B. Pituitary tissue. The pituitary gland of 2 adult human females was obtained 
within three to four hours following death. Neither of the patients presented an 3 ’’ obvious 
endocrinopath 3 ^ Menstruation had occurred at regular monthh' intervals. The ages of 
the patients were 38 and 46 3 ’-ears. There was no prolonged terminal illness. The com¬ 
bined wet weight of the anterior lobes of the pituitar 3 ^ glands was 1,219 mg. 

C. Urine. A number of complete twentiMour hour specimens of urine were obtained 
from 5 health 3 " menstruating adult females during all phases of the menstrual c 3 "cle. 

II. RESULTS 

A. Pituitary homogenate in female animals. The results observed in 
hj'-pophysectomized female rats receiving anterior pituitaiy homogenate 
are listed in Table 1. The data indicate that both follicle-stimulating (FSH) 
and luteinizing (LH, ICSH) hormones are present in the normal adult 
human female hypophysis. Neither earlj'^ follicular groivth nor repair of 
the ovarian interstitial “deficiency cells” 3vas observed until a total dose 
of 3 mg. of the pituitar}^ homogenate was given. 

Uterine and oi'-arian enlargement occurred at a dose of 10 mg. The 
increase in 03"arian weight was associated with the presence of many 
large C 3 '^stic follicles. There was only slight luteinization of the granulosa 
cells ivliile the interstitial and thecal cells had undergone marked lutein cell 
transformation. The response to 30 mg, of anterior pituitarj'’ homogenate 
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Table 1. Effect of human pituitary homogenate on the 

HYPOPHVSECTOMIZED FEMALE RAT 


Animals 

Ovaries 

Uterus 

1 

Ovarian histology 

V.O. 

Con¬ 

dition 

No. 

Dose 

(mg.) 

mg. 

mg./ 

gm. 

mg. 

mg./ 

gm. 

F.D. 

Corporal 

lutea 

m 

Hyp. 1 

4 

0 

5.6 

0.10 

15.0 

0.28 

0 

0 

D 

0 

Intact 

6 

0 

18.6 

0.18 

118.3 

1.17 

+ + + 

+ 

R 

+ 

Hyp. 

4 

1 

8.0 

0.12 

21.8 

0.32 

0 

0 

D 

0 

Hyp. 

3 

3 

9.2 

0.14 

22.9 

0.35 

+ 

1 0 

R 

0 

Hyp. 

4 

10 

38.8 

0.64 

98.8 

1.37 

+ + + + 

0 

L 

0 

Hyp. 

1 

30 

81.2 

1.35 

78.4 

1.31 

+ +++ 

+ 

L 

+ 


Abbreviations: Hj’p. =Hypophj'sectomized; mg./gm. = Organ weight per gram body 
weight; p=Deficient; R=Repaired; I.T. = Interstitial tissue; 0=absent; +=Present; 
L = Luteinized; V.O.=Vaginal opening; F.D. =Fo]]icular development. 


was characterized by additional ovarian enlargement and the formation 
of numerous corpora lutea. 

In terms of the previously defined units, there is approximately 1 unit 
of FSH and 1 unit of LH per 3 mg. of pituitar}’- homogenate, or a total of 
about 200 units of both hormones per pituitar}'^ of the adult human female. 

B. Pituitary homogenate in male animals. Table 2 lists the results on 
hypophysectomized male rats. At the 3 mg. dose level FSH activity was 
indicated b}'’ a doubling of testicular weight, an increase in tubular 


Table 2. Effect of human pituitary homogenate on the 

HYPOPHYSECTOMIZED MALE RAT 


Animals 

Prostate 

Seminal 

vesicles 

Epididymis 

Testicular histology 

Con¬ 

dition 

No. 

Dose 

(mg.) 

mg. 

mg./ 

gm. 

mg. 

mg./ 

gm. 

mg. 

mg./ 

gm. 

M.T.D. 

mm 

St. 

Sr. 

I.T. 

Hyp. 

2 

mM 



15.0 

0.23 

47.3 

0.74 

0.10 


0 

0 

U. 

Intact 

5 


62.2 

0.58 

41.0 

0.38 

132.2 

1.22 

0.22 

++++ 

+ 

+ 

Di. 

Hyp. 

3 


27.3 

0,39 

22.5 

0.32 

75.6 

1.09 

0.14 

++ 

0 

0 

U. 

Hyp. 

3 


45.8 

0.64 

41.1 

0.57 

115.4 

1.61 

0.16 

+++ 

0 

0 

Di. 

Hyp, 

2 


54.2 

0.77 

46.5 

0.66 

140.1 


0.15 

+++ 

0 

0 

Di. 

Hyp. 

3 

30 

52.7 

0.68 

60.1 

0.78 

163.9 

2.13 

0.16 

++++ 

+ 

0 

Di. 


Abbreviations: M.T.D. =Mean tubular diameter (millimeters); S.A. =Spermatocj’tic proliferation: St. =Spermalid; 
Sz. =Sperm3tozoa; I.T. =Inferstitial tissue; U. =Undifi'erentiated; Di. =Difrerentiafed; Others =Soe table 1. 


diameter and active spermatocytic proliferation as compared with the 
controls. Thirty milligrams of pituitarj'- homogenate tripled the testicular 
weight, but did not completely restore the normal testicular histologic 
pattern. Only the testis of the intact control animals exhibited spermato¬ 
zoa. 

At the 3 mg. dose level LH activity was indicated bj'' the appearance of 
well-differentiated Leydig cells. Nevertheless, indirect e^ddence of Leydig 
cell function was present at the 1 mg. dose level as judged by the weights 
and results of histologic examination of the prostates and seminal vesi¬ 
cles. The amount of homogenate necessary to repah' the deficient Leydig 
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cells as judged by histologic evidence was 3 mg. The same amount also 
brought about a distinct response in the tubular apparatus of the testis 
as judged by testicular Aveight, tubular diameter and spermatogenic 
activity. Again, roughly equal FSH and LH activities, about 200 units 
of each, are present in the adult female pituitary. 

C. Urine in female animals. Table 3 shows the effect of a concentrate 
equivalent to 1,200 cc. of pooled urine from adult females. The presence of 


Table 3. Effect of esinary concentrate on the hypopkysectomized female rat 



Animals 


Ovaries 

Uterus 

Ovarian histology 


Con¬ 

dition 

No. 

Corti¬ 

sone 

Concen¬ 

trate 

mg. 

mg./ 

gm. 

mg. 

mg./ 

gm. 

F.D. 

Corpora 

lutea 

I.T. 

v.o. 

Hyp. 

2 

0 

0 

7.3 

0.11 

16.3 

0.23 

0 

0 

D 

0 

Hyp. 

3 

+ 

0 

8.7 

0.12 

16.3 

0.23 

0 

0 

D 

0 

Hyp. 

5 

+ 

+ 

20.2 

0.30 

76.8 

1.15 

+ + + + 

0 

D 

+ 

Intact 

5 

0 

0 

18.4 

0.16 

83.9 

0.73 

+ + + 

+ 

R 

+ 


Abbreviations: Same as in table 1. 


FSH was shown by the increased ovarian weight and the marked response 
of the ovarian follicles. The latter were large cystic structures without 
signs of luteinization. Ova were present within these follicles. Both ovarian 
and uterine enlargements were about equal to that brought about by 3 to 
10 mg. of pituitary homogenate. 

The presence of LH was shown by the copious secretion of estrogen, 
resulting in uterine enlargement. However, since there was no repair of 
the interstitial tissue of the ovary, less than 1 unit of LH as previously 
defined was present in 1,200 cc. of urine. 

D. Urine in male animals. Table 4 lists the weights of organs of hypo- 
phj^sectomized male rats receiving urinary concentrate. Little change oc- 


Tabl^: 4. Effect of urinary concentrate on the hypophysectomized male rat 


Animals 

Prostate 

Seminal 
i vesicles 

Epididymis 

Testicular histology 

Con¬ 

dition 

No. 

Corti¬ 

sone 

Concen¬ 

trate 

mg. 

mg./ 

gm. 

mg. 

mg./ 

gm. 

mg. 

mg./ 

Km. 

M.T.D. 

S.A. 

St. 

Sz. 

I.T. 

Hyp. 

4 1 

0 

0 

6.5 

0.09 

8.6 

0.12 

49.5 

0.69 

0.13 

+ 

0 

0 

u. 

Hyp. 

•A 

+ 

0 

6.6 

0.10 

8.9 

0.14 

41.9 

0.66 

0.13 

+ 

0 

0 

u. 

Hyp. 

s 

+ 

+ 

9.4 

0.14 

10.9 

0.16 

76.0 

1.09 

0.16 

+ + + 

+ 

0 

u. 

Intact: 

5 ; 

0 

0 

65.7 

0.55 

44.3 

0.37 

171.3 

1.44 

0.23 

+ + + + 

+ 

+ 

Di. 


Abbreviations: Same as in Table 2. 


curred in the number or the size of the interstitial cells as compared to the 
hypoph 5 ’^sectomized control animals. Nevertheless, the weight of the 
ventral prostate, epididymis and seminal vesicles was distinctl}’’ increased 
over that of the hypophysectomized controls. MoreoAmr, microscopic 
examination of the ventral prostate and seminal A^esicles gave eAudence of 





IN VITRO BIOASSAY OF CORTICOTROPHIN 
MURRAY SAFFRAN and MARGARET J. BAYLISS 

From the Allan Memorial Institute of Psychiatry, McGill University, 

Montreal, Quebec, Canada 

W E HAVE observed that pituitary adrenocorticotrophic hormone 
(corticotrophin), added in vitro, stimulates the formation of corti- 
coids by isolated rat adrenals and that the stimulation is approximately 
proportional to the amount of corticotrophin added (Saffran, Grad and 
Bayliss, 1952). This observation has been adapted to the bioassay of cor¬ 
ticotrophin, 

METHOD 

Four adult Sprague-Dawley rats, of either sex, are used for each assay. The adrenals 
are prepared as previously described (Saffran, Grad and Bajdiss, 1952). Care must be 
taken to keep the pair of adrenals from each rat together during the preparation. Four 
adrenals, one from each pair, are weighed together, bisected, and placed into a Warburg 
vessel containing 2 ml. of the Krebs-Ringer-phosphate-glucose medium. The remaining 
four adrenals are then weighed, bisected, and placed into a second Warburg vessel. The 
flasks are attached to Warburg manometers, flushed with oxygen, and are shaken at 38° 
for 1 hour. At the end of this period (the preincubation period) the media from both 
flasks are removed with suction and discarded. Both flasks are then recharged with fresh 
medium, and a small volume (about 0.1 ml.) of the standard corticotrophin solution is 
added to one flask and the unknown corticotrophin solution to the other. Approximately 
the same activit)" of corticotrophin should be added to both flasks. The flasks are again 
flushed with oxygen and shaken at 38°, this time for 2 hours. At the end of this period 
the media are analyzed separate^ for corticoids by a slight modification of the method 
previous^ described (Saffran, Grad and Bayliss, 1952). The modification consists of pass¬ 
ing the chloroform extract through filter paper instead of dr 3 dng with sodium sulfate. 
The filtered chloroform extract is then taken to diyness as previously described. 

The amount of corticotrophin is expressed as units of the standard preparation and 
mg. of the unknown per 100 mg. of adrenal tissue in the flask. The activity of the corti¬ 
cotrophin is expressed as pg. of corticoids produced bj’’ 100 mg. of adrenals in 2 hours. 
The potencj" of the unknown sample is calculated as follows: 

Potency (units per mg.) = 

units of standard corticotrophin x activity of unknown 
mg. of unknown corticotrophin x activity of standard 

The procedure is outlined in the sample protocol. In actual practice several levels of 
standard and unknown preparations are matched for each determination of potency. 
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SAMPLE PROTOCOL 

Comparing Armour’s cohticotrophin with the U.S.P. reference standard 


Standard 


Unknown 


Weight of 4 adrenals, mg. 
Tissue added to flask 
Preincubation period 
Corticotrophin added 
ml. 

units or mg./flask 
units or mg./100 mg. 
Second incubation period 
Observed optical densities: 
225 m/i 
240 mil 
255 m/1 


Calculated O.D. 


48 45 

9:58 a.m. 10:00 a.m. 

10:10 to 11:10 A.M. 


U.S.P. Armour 

0.1 0.1 

0.025 unit 0.012 mg. 

0.053 unit 0.027 mg. 

11:30 A.M. to 1:30 p.m. 


0.285 0.285 

0.260 0.254 

0.174 0.167 

.285+.174 „ .285 + .167 

.260-=0.031 .254-= 0.028 

2 2 


Total/ig. corticoids ‘ 5.6 5.1 

/jg. corticoids/100 mg. , 11.75 11.3 

0.053X11.3 

Potency of corticotrophin, Armour --- 1.93 units/mg. 

0.027X11.75 


EXPERIMENTAL 

Extraction of corticoids 

A metlianolic solution of the residue from a chloroform extract of the 
medium alone absorbs light in the ultraviolet at the wave lengths used to 
measure the corticoids (Fig. 1). Although the absolute value of the blank 
absorption varies somewhat, the shape of the curve is almost invariably 
the same. Because the blank curve approaches a straight line it is possible 
to use the calculation of Allen (1960) to estimate the absorption at 240 
m^ caused by the a;,^-unsaturated ketonic grouping of the corticoids. The 
absorption curve of a chloroform extract of the incubation medium of 
rat adrenals kept at 2° for 2 hours in the presence of corticotrophin is verj" 
similar to the blank. Figure 1 includes the curve of an extract of the 
incubation medium of adrenals kept at 38° with corticotrophin present and 
the absorption curve of cortisone for comparison with the blank curves. 

Attempts to eliminate the high blank absorption by replacing the 
chloroform with methylene chloride, ethyl acetate, heptane, or ether 
failed because these solvents either yielded higher blank values than chloro¬ 
form or because they did not extract the corticoids from an aqueous medi¬ 
um. 

Preincuhation 

In this paper “preincubation” means the incubation of the adrenals for 
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Rate of corticoid formation 

The rate of formation of corticoids, in the presence or absence of added 
corticotrophin, is approximately constant for 4 or 5 hours (Fig.' 3). 
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Fig. 3. Rate of formation of corticoids by bisected rat adrenals in tlie 
presence and absence of added corticotrophin. 

Persistence of corticotrophin effect 

Rat adrenals, incubated for 1 hour with corticotropliin, produce in¬ 
creased amounts of corticoids even after two thorougli rinsings with the 
medium (Fig. 4). 
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Fig. 4. Persistence of the effect of added corticotrophin 
after washing of the adrenal tissue. 
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Incubation in blood 

Because of the reported greater production of corticoids by beef adrenals 
when perfused with whole blood than with plasma (Hechter et. al, 1951), 
bisected rat adrenals were incubated in citrated homologous blood instead 
of the usual medium. In this experiment a mixture of 5% carbon dioxide in 
oxygen was used as the gas phase. At the end of 2 hours little or no corti¬ 
coids were found in a chloroform extract of the blood (Table 3). 


Table 3. Effect of changes in conditions of incubation on the 

* FORMATION OF CORTICOIDS 


Conditions 

Corticotrophin 

added 

Corticoids 

formed 

O.xygen 

consumption 


units/100 mg. 

/jg./lOO mg. 

pM/100 mg. 



per 2 hrs. 

per 2 hrs. 

Citrated blood and 5% CO, 

0 

4.1 



1.7 

3.4 



0 

0 



1.7 

9.4 



0 

0 



1.6 

0 


0.vygen 

1.7 

32.1 

12.5 

Air 

1.7 

23.9 

3.9 

Nitrogen 

1.6 

0 

0 


1.7 

0 

0 

Bisected 

1.5 

24.8 

11.6 


1.7 

30.0 

12.2 

Minced 

1.5 

28.9 

7.6 


1.6 

21.6 

7.2 

Homogenized 

0 

0 

1.0 


1.0 

0 

1.2 


N.B. These samples were not preincubated. 


Oxygen requirement 

The oxygen requirement of the system that forms corticoids was in¬ 
vestigated by incubating rat adrenals in air and in nitrogen. The formation 
of corticoids was somewhat lower in air than in oxygen, but no corti¬ 
coids were formed during the anaerobic incubation in nitrogen (Table 3). 

Mincing and homogenization 

Mincing the adrenal tissue with scissors does not affect the formation of 
corticoids, but there is no formation in an unfortified homogenate of ad¬ 
renals (Table 3). 

Agreement between duplicates 

Four adrenals, one from each of four rats, form about the same amount 
of corticoids as the four remaining adrenals from these animals, when the 
two lots are incubated under the same conditions (Table 4). 
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Table 4. Agreement between duplicate incubations 


Corticotrophin added Corticoids formed 


Not preincubated 


Preincubated 


units/100 mg. 

ftg./lOO mg./2 hrs. 

0 

4.2 

2.6 

0 

1.6 

1.9 

0 

3.3 

4.2 

1.0 

12.6 

9.9 

2.5 

18.5 

16.0 

2.6 

20.3 

16.1 

0 

5.8 

4.6 

0 

3.8 

7.4 

0 

3.0 

1.5 

0.8 

32.3 

35.8 


RESULTS 

The in vitro bioassay method was used to determine the potency of 
several preparations of corticotrophin. The values agree very well with the 
estimated potencies based on the adrenal ascorbic acid depletion method 
of Sayers, Sayers and Woodbury (1948) (Table 5). 


Table 5. Potency of corticotrophin preparations by the in vitro bioassay 


Preparation 

Estimated potenc}' 
bj' in vitro assaj' 

Claimed potency* 


U.S.P. units/mg. 

U.S.P. units/mg. 

Armour, lot J16009 

1.6 

1.9 

1.9 

2 

Astwood, crude 

1.6 

2.0 

1.8 

2 

Astwood, purified 

50.1 

60-100 

52.6 

56.2 

(average, 80) 


66.6 


Canada Packers, lot 2-C 

3.1 

2.7 

3.5 

3-4 

Canada Packers, lot FU 

3.0 

3-4 

Canada Packers, lot I 

(deteriorating sample because of high 

2.9 

4-5 

moisture content) 

2.7 



* Estimated b 3 " the method of Sayers, Saj'ers and Woodbury (1948). Values supplied by 
the donors of the corticotrophin preparations. 


DISCUSSION 

Although the optimum conditions for the in vitro assay method have not 
been established yet, it yields results that agree very well with the adrenal 
ascorbic acid depletion method. The in vitro method has several advan¬ 
tages. Firstly, the same animals are used to provide tissue for both the 
standard and unknown preparations of corticotrophin. Secondly, there is 
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no need to maintain a supply of liypophysectomized animals because in the 
in vitro assay the adrenals are effectively removed from the influence of 
the pituitary. Thirdly, a known function of corticotrophin, namely, the 
control of the secretion of adreno-cortical hormones, is used as the basis 
of the assay. A disad’s'^antage of the method is its relative insensitivitj^, 
but this is of little consequence when the potency of a preparation of 
corticotrophin is being determined. 

The method is based on an assumption for which there is no direct 
evidence. It is, that a given group of adrenals, incubated together, will 
produce an amount of corticoids that is proportional to the amount of 
corticotrophin added. In the case of the adrenals (Fig. 2) that were not 
preincubated, the response to increasing’amounts of corticotrophin seems 
to be more or less linear. After preincubation, the adrenal response curve 
is very steep, but for the assay it is assumed to be linear as well. That this 
assumption is valid to some extent is shown by the good agreement among 
replicate assays of the various preparations of corticotrophin (Table 5). 

Both adrenals of a rat respond similarly to corticotrophin (Table 4), 
This allows the comparison of standard and unknown preparations of 
corticotrophin on similarly-reacting tissue. If homogeneous preparations 
of adrenal tissue can be shown to respond to corticotrophin like bisected 
adrenals, it would be possible to divide the tissue into more than two 
aliquots and allow the comparison of more than two samples using the 
same tissue. That this might be so is indicated by the response of an 
adrenal mince to corticotrophin (Table 3). 

Preincubation increases the sensitivity of the adrenals to corticotrophin 
about 20-25 times. During the preincubation period a large proportion of 
the ascorbic acid is leached from the adrenal tissue (Saffran, Bajdiss and 
Webb, 1951) and the tissue may have had the time to recover from any 
previous stimulation by corticotrophin in the animal. However, there is, 
as yet, no evidence for any explanation of the effect of preincubation. 

The effect of corticotrophin on the adrenal in vitro persists after washing 
the tissue (Fig. 4). This observation is similar to that of Stadie and his 
group (Stadie, Haugaard and Marsh, 1951) on the in vitro effect of insulin. 
It is not possible now to state whether the corticotrophin is “bound” bj'' the 
adrenal tissue, 

SUMMARY 

Tlie stimulation by corticotrophin of the production of corticoids b}’- 
bisected rat adrenals in vitro has been adapted to the assay of corticotro¬ 
phin. The sensithdty of the method is greatlj’' increased by the preincuba¬ 
tion of the adrenal tissue without added corticotrophin for 1 hour, prior 
to exposure to corticotrophin. The range of the assay is approximate!}" 
0.04 to 0.1 U.S.P. units of corticotrophin per 100 mg. of adrenal tissue. 
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There is very good agreement between the in vitro bioassay and the 
adrenal ascorbic acid depletion method. 

The stimulation by corticotrophin of the production of corticoids by 
rat adrenals persists after washing the tissue to remove the corticotrophin. 

Corticotrophin stimulates the production of corticoids in an atmosphere 
of air as well as in oxygen, but the rat adrenal does not form corticoids in 
nitrogen. 

An adrenal mince responds to added corticotrophin like bisected adrenals, 
but unfortified homogenates do not produce corticoids. 
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NEUROHUMORAL CONTROL OF THE 
PITUITARY IN THE FOWL 

T. M. HUSTON AND A. V. NALBANDOV 

Department of Animal Science, University of Illinois, Urbana, Illinois 

I N THE domestic fowl approximate^ 23 to 28 houi's elapse between 
ovulation and the la 3 dng of the finished egg. During the intervening 
period the o^’^lm acquires albumen in the magnum and shell membranes in 
the isthmal portion of the oHduct. This is accomplished in 4.5-5.0 hours 
and the remaining time is spent in the shell gland where the calcifierous 
shell is deposited. Warren and Scott (1935) showed that o^mlation does 
not usually occur while there is an egg in an}^ portion of the oviduct. Tiiese 
facts and the finding that, in hens laying daily, oAOilation takes place within 
30-60 minutes after oviposition, led to the assumption that an intricate 
timing mechanism maj'- be involved to sjmchronize reproductive events in 
chickens. An observation in this laboratorj’' that injury to the oviduct led 
to a profound upset in the laying cycle of hens caused more intensive 
analysis of the relationship between events in the oviduct and the endocrine 
function of the pituitary. 

Rothchild and Fraps (1949) have shown that the ovulating hormone 
(LH) is released about 4 to 8 hours prior to ovulation. Thus, factors which 
may be involved either in stimulating or in inhibiting release of LH must 
exert their effects several hours prior to ovulation. Since there is only a 
relatively short interval between oviposition and the succeeding o^nilation 
it becomes apparent that the events leading to ovulation usuallj’- occur 
while the egg is in the shell gland. 

These observations led to the experiments reported here.^ Initial^q such 
irritants as bits of kej'' chain, cork or pellets of paraffin were placed in the 
lumen of the magnum. These foreign bodies were attached to coarse 
surgical thread which in turn was passed through the wall of the oviduct 
and tied securelj’' so as to prevent evacuation of the irritants from tiieir 
original location in the lumen due to peristalitic movements of the 
oviduct. When paraffin pellets were used, thej’’ were soon softened bj^ bod}" 

Received for publication February 2, 1952. 

' We wisli to acknowledge the help of Dr. H. W. Norton in the design of some of the 
experiments and their statistical analj'sis. We thank Dr. H. W. MeShan and R. K. 
Neyer (Univ. of Wisconsin) for the ISAP, Mr. Irby Bunding of Armour and Co. of 
Chicago for the LH and Dr. R. E. Waterman of the Schering Corp., Bloomfield, N. J. 
for the progesterone. 


149 



150 


HUSTON AND NALBANDOV 


Volume 52 


heat, torn loose from the thread fastening them to the oviduct wall and 
passed out. It was thus noticed that the thread alone, which remained 
after the paraffin pellet was evacuated, provided sufficient stimulus to 
cause profound changes in the laying cycle of these hens. 

ANIMALS AND TECHNIQUES 

The birds used were sexuallj^ mature hens less than two 3Tar3 old, of the AVhite Leg¬ 
horn and New Hampshire breeds. The}' were trapnested prior to the experiments to de¬ 
termine their normal rate of production. Onlj' regularl}' laying birds were used. They 
were maintained in individual cages in laying batteries and allowed free access to a stand¬ 
ard lajdng mash and water. 

At the time of operation the birds were anesthetized with nembutal, and the oviduct 
was exposed through an incision in the abdominal wall. A loop of coarse surgical thread 
was passed through the wall of the oviduct into the lumen of the magnum in such a man¬ 
ner as to extend longitudinally through approximately an inch of the lumen. The thread 
was again passed through the wall of the magnum and the two ends of the thread were 
tied externall}'. In placing the loop care was taken to assure that the lumen of the oviduct 
was not obstructed. 

In a second group of birds the oviduct was exposed in the same manner but no loop of 
thread was placed in the oviduct (sham operated controls). Birds in both group? were 
weighed at the start and at the end of the experiment; their combs were measured on 
alternate days and individual daily records of egg production were kept. 

The hormones used in some of the experiments included progesterone in oil; a partially 
purified gonadotrophic i)reparation containing both follicle stimulating (FSH) and lu¬ 
teinizing hormones (LH) called ISAP; and a highlj' purified preparation of LH. The 
gonadotrophic hormones were dissolved in water and injected intravenousl}'. One single 
injection of ISAP was made while the LH was injected twice daily until ovulation oc¬ 
curred. The progesterone was injected subcutaneouslj'. Control animals were injected 
with equal amounts of oil or water. 

The laid egg was the criterion used for determination of ovulation, with the exception 
of one experiment involving ISAP in which the hens were sacrificed and the number of 
ovulations verified at autopsj'. At the conclusion of some of the e.xperiments the birds 
were sacrificed, the ovaries and oviducts removed, weighed, measured and described 
with regard to their phj'siological condition. 

After the basic physiologic effects on the ovar}' and the oviduct of the operation de 
scribed were established, the hens were no longer sacrificed since the laid egg was taken 
as the evidence for success of the treatment when hormones were injected. 

RESULTS 

In order to establish the quantitative and qualitative effects of the loop 
on the laying cycle of the birds, on their reproductive organs and their 
comb size, groups of birds were killed 5,10, 15, 20, 25 and 30 days after the 
operation. Eight of the birds destined to be killed at the different intervals 
in each group had a loop in the magnum, and eight served as sham-operated 
controls. Due to mortality at operation and during the course of the ex¬ 
periment some of the groups did not contain the full complement of eight 
birds at the time of autopsy (Table 1). 
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The most striking effect of the loop in the magnum was that it almost 
completely inhibited ovulation during the first 25 days after the operation. 
Tliere were a few sporadic ovulations which were widely spaced (Table 1). 
Eight of the 33 birds with a thread in tlie magnum laid a total of 12 eggs 
(1.5 eggs per bird). That the operation itself, in absence of the loop of 
thread in the magnum, is not responsible for the interruption of laying is 
seen from the fact that during the same period 29 sham-operated hens laid 
121 eggs (5.5 eggs per bird). 


Table 1. Effect op a thread in the aiagnum on the size of ovaries, oviducts and 

COJIBS, AND THE RATE OF OVULATION. OBSERVATIONS JIADE AT 5-DAY INTERV.ALS 


Treat¬ 

ment 

Daj’S 
from 
opera¬ 
tion to 
autopsj' 

Num¬ 

ber 

of 

birds 

Number 

of 

birds 

laying 

Total 

number 

eggs 

laid 

Ovary 

weight 

(gms.) 

Oviduct 

weight 

(gms.) 

Comb 

area 

(cm.) 

Average 
size of 
follicles 
(cm.) 

Average 

number 

of 

follicles 
of ovula¬ 
tory size 
(30 mm.) 

L 

5 

0 

1 

P - 

2 

0.15* 

45 

SE8.7 

53 

6.2 

25 

5.1 

19 

1.4 

0.75 

S 

6 

5 

3 

7 

48 

8.0 

55 

2.0 

33 

5.6 

22 

1.0 

0.40 

L 

10 

8 

2 

P = 

4 

0.05* 

48 

5.9 

53 

4.1 

23 

1.6 

21 

0.8 

0.40 

S 

10 

7 

5 

12 

51 

3.5 

63 

4.3 

23 

4.0 

23 

1.1 

0.0 

L 

15 

5 

1 

p = 

1 

0.001* 

56 

5.3 

65 

3.5 

27 

1.4 

22 

1.3 

1.0 

S 

15 

7 

7 

44 

58 

3.4 

67 

• 3.3 

32 

3.8 

23 

1.1 

1.0 

L 

20 

7 

2 

P = 

2 

0.05* 

68 

4.8 

68 

3.7 

31 

4.4 

24 

1.0 

1.71 

S 

20 

5 

3 

24 

52 

10.9 

47 

5.9 

24 

2,0 

22 

1.4 

1.25 

L 

25 

7 

2 

p = 

3 

0.01* 

17 

2.5 

42 

3.9 

29 

2,3 

all 

atretic 

0.00 

S 

25 

5 

4 

34 

43 

10.4 

30 

13.5 

25 

3.0 

22 

1.5 

1.12 

L 

30 

0 

3 

p = 

31 

0.00* 

59 

6.8 

69 

8.0 

30 

1.4 

— 

— 

S 

30 

6 

5 

55 

52 

0.4 

60 

4.4 

34 

3.8 




L—liens, with thread in magnum of oviduct. 

S—sham operated controls, 

*—levels of significance of differences in egg production between S and L. 
SE—standard error of means. 


In all subsequent experiments essentiall}'" the same results were found 
as those discussed here. The presence of an irritant in the magnum modified 
the la 3 dng cycle of all hens treated, althougli not all the animals treated 
responded bj^ complete cessation of la 3 dng. In most hens, la 3 dng was sup¬ 
pressed completely (in 75% of the hens in one experiment, in 58% in 
another). Most remaining hens laid occasional eggs, but few continued to 
lay at an almost normal rate. In most cases the rate of production was re- 
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dueed very drastically as compared to the almost unimpaired rate of pro¬ 
duction of the sham-operated group. 

The second important observation regarding the presence of the thread 
in the oviduct was that 30 to 40 days after the operation laying was grad¬ 
ually resumed and eventually became normal (Table 1, 30-day group). 

It is also interesting that the loop affected neither the size, the morpho¬ 
logical condition of the ovar}’’, nor that of the oviduct or the comb (Table 
1). Ova which were present in the ovaiy at the time of the operation seem 
to be maintained without degenerating during the first 20 days after the 
operation, thus accounting for the non-reduction in ovarian weight (Table 
1). This is true not only for number of follicles but also for size. In this 
particular experiment atresia of follicles set in at about 25 days and was 
observed in all seven hens in this group. At 30 days, when the next group 
was killed, the ovaries were found to be normal and three of the six hens 
in this group were laying. Statistical anal3'-sis showed that the differences 
in production between the sham-operated and the hens with a thread 
in the magnum were significant in all groups except the 5-day and the 
30-day groups (Table 1), 

These observations led to the assumption that the irritant in the oviduct 
did not depress pituitary function because the size of the ovary (number 
and size of follicles) was not reduced for as long as 20 days after the opera¬ 
tion. Since neither the ovaiy nor the oviduct or the comb were reduced in 
size, it appeared that the ovary continued to secrete androgen and estrogen 
at normal rates. 

These facts led to the theory that the presence of an irritant in the uterus 
specifically prevented the release of sufficient amounts of LH from the 
pituitary to cause ovulation without, however, interfering with the other 
endocrine functions of the pituitary. The mechanism of this inhibiting ac¬ 
tion on the secretion of LH was thought to be neuro humoral in nature 
and experiments were conducted to test this assumption. 

In order to establish the relationship of the presence of the thread to the 
inhibition of ovulation, two experiments were designed. In the first, 12 
hens which had ceased lajdng after the placing of the thread were injected 
intravenousl}^ with a crude gonadotrophic preparation, ISAP, containing 


Table 2. Number of ovulations occurring within 72 hours after one intravenous 
INJECTION OF 0.25 gram EQUIVALENT OF ISAP (ISAP 16: 43.6 MGS. EQUIVALENT TO 
1 GRAiM OF ACETONE-DRIED SHEEP PITUITARY POWDER) 


Results 

Number of hens 


Did not ovulate 

2 


Ovulated 1 ovum 

4 


Ovulated 2 ova 

4 


Ovulated 3 and 4 ova 

2 
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both FSH and LH. The frequency of induced ovulations was very high, 
10 of the 12 hens o^'ulating while none of the controls responded (Table 
2). The two injected birds which did not ovulate were noted to be in poor 
physical condition at the time of autopsy. In this experiment the birds 
were killed 72 hours after the injection of the hormone and the number of 
ova shed was determined at autopsj'" (Huston and Nalbandov 1950). 


Table 3. Effect of intravesous injections of LH (Armour) on ovulations of hens 

WITH THREAD IN THE MAGNUM. (HeNS INJECTED TWICE DAILY UNTIL FIRST OVULATION) 


Treatment 

Dose of LH 
(mgs.) 

Number of 
hens not 
ovulating 

Number of 
hens 

ovulating 

Number of days 
from first injection 
to ovulation 

Thread in magnum* 

0.0 

6 

2 

— 

Thread in magnum* 

0.1 

1 

6 

2, 2, 3, 3, 4, 7 

Thread in magnum* 

0.2 

3 

5 

2, 4, 5, 6, 8 

Sham operated t 

0.0 

1 

6 

— 


* Had not ovulated from operation to first injection (9 daj-s). 
t Were in normal production during the whole period. 


Since six of the ten hens ovulating in response to the ISAP injection 
shed more than one yolk, the dosage used was thought to be unphysiologi- 
cally high. In the second experiment LH (Armour) was injected at two dif¬ 
ferent dosages into two groups of hens of seven and eight animals respec¬ 
tively with threads in their magna. Both dosages of LH were effective in 
causing ovulations in the majority of the hens although the number of 
injections required to cause ovulations was much greater than in the case of 
ISAP (Table 3). The dosages of LH seemed within the phj'-siological range 
since no more than one o^'ulation was produced in any of the treated hens. 

It has been shown that release of LH from the pituitary can be induced 
in the fowl bj'' progesterone (Fraps and Druiy, 1943; Rothchild and Fraps 
1949). Accordingly, the alrility of progesterone to cause o^mlation in hens 
with threads in the oviduct was assaj^ed in a series of tests involving 
dosages of progesterone ranging from 0.3 to 6.0 mgs. In all cases a single 


Table 4. Ability of various doses of progesterone to cause ovulation in 
HENS WITH thread IN THE MAGNUM 


Dose of 
progesterone 
(mgs.) 

Number of hens 
not ovulating 

Number of 
hens ovulating 

Average number 
of ovulations 
per hen 

Number of days 
from injection 
to ovulation 

(oil) 

0 

0 

0 

_ 

0.3 

3 

0 

0 

— 

O.C 

3 

0 

0 

— 

0.9 

3 

0 

0 

— 

1.0 

3 

0 

0 

_ 

2.0 

2 

2 

1.00 

2,3 

4.0 

3 

2 

1.50 

2,5 

5.0 

3 

4 

1.25 

1,2. 2, 5 

G.O 

1 

3 

2.00 

1,2,2 
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subcutaneous injection of the hormone was given. Tlie results (Table 4) 
indicate that it is possible to cause o^n,llation with progesterone in birds in 
which the release of endogenous LPI has been blocked b}'’ the presence of a 
loop of thread in the magnum. Apparently the progesterone levels required 
for ovulation in these hens are higher than those which had been found 
effective by Rothchild and Fraps (1949). These authors had established 
the egg-laying pattern of each hen accurately enough to predict within a 
few hours the expected time of maturation of a follicle. In the present ex¬ 
periments no such determination could be made, since lajdng had been in¬ 
terrupted by the placing of the irritant and most of tlie follicles of ovula¬ 
tory size were quite old when the progesterone injections were made. The 
reduced effectiveness of progesterone observed in our experiments may be 
due to a loss of sensitivity of the ''aged” follicles to LH or a reduced sen¬ 
sitivity of the pituitaiy to progesterone. This maj'’ explain the failure to 
induce ovulation in nine out of twenty hens injected with two or more 
milligrams of progesterone (Table 4). 

During the course of these experiments it was noted tliat 20 to 40 da 3 ^s 
after the thread had been placed in the magnum, most of the operated 
birds gradually began to la}'- and eventuall}’- returned to normal la 3 dng 
frequenc 3 ^ This has been explained on the assumption that the neural 
mechanism involved becomes conditioned to the constant irritation of the 
oviduct and loses its ability to respond to the stimulus. To test this possi¬ 
bility two experiments were performed. In one group of eight birds la 3 dng 
was stopped by the insertion of a thread in the magnum. When the thread 
was removed, seven of the eight birds began to la 3 '’ normall 3 '’ within two 
weeks after the operation. 

A second groupmf eight birds, which had a thread in the magnum was 
allowed to go through the usual non-la 3 dng period following the operation. 
As in earlier experiments these hens began to la 3 ^ 30 to 40 da 3 >'S after the 
operation. As they returned into production a second operation was per¬ 
formed, the original thread was removed and a new one placed in the same 
general region of the magnum. Six of the eiglit hens subjected to this 
treatment continued to la 3 '’ indicating that the oviduct as a whole loses its 
sensitivit 3 '’ to respond to the stimulus from the thread. 

DISCUSSION 

On the basis of these experiments it is suggested that a neural link exists 
between the oviduct and the pituitar 3 ’' gland of chickens. This is supported 
by the fact that the presence of an irritant in the magnum suppresses 
ovulation without affecting the other endocrine functions of the pituitaiy, 
the ovar 3 '’ or the responses of their respective target organs. It is known 
that comb growth in the hen is caused by androgen and tliat androgen 
secretion in turn is caused by LH stimulation of the interstitial cells of the 
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ovary (Nalbandov, unpublished). Since in hens in which a thread was pres¬ 
ent in the magnum, comb-size remains unaffected (indicating continued 
secretion of some LH), the assumption becomes necessary that in the chick¬ 
en ovulation is caused by the secretion of additional amounts of LH over 
and above that quantity of LH which is assumed to be produced at a 
constant rate. It is thought that the occurrence of these “ovulatoiy peaks” 
of LH are specifically prevented by the presence of an irritant in the 
magnum. This interpretation is supported by the observation that the 
injection of exogenous LH or of progesterone which releases endogenous 
LH from the pituitary, causes ovulation in hens with thread in the mag¬ 
num, which stops as soon as injections are discontinued. This interpreta¬ 
tion fits in with findings of Sawyer, Everett and Markee (1948, 1949) 
who showed that in the rat neurogenic activation of the pituitarj'- is 
necessary for the release of LH. In the hen in which a thread is placed in 
the oviduct the neural pathway to the pituitary appears to be blocked. 

. It is of interest to note that in operated hens follicles which normally 
would have ovulated within a few hours, remained in a state of “suspended 
animation” over prolonged periods of time, in some cases for more than 
four weeks, without becoming atretic. Such follicles continued to secrete 
estrogen since the oviducts were maintained in size and retained their 
ability to secrete albumen. Furthermore, the follicles remained capable of 
ovulating over prolonged periods of time, as shown by the fact that ovula¬ 
tions resulted following injection of exogenous LH. 

The interpretation presented fits most of the facts observed. There 
are certain findings which cannot be fitted into this scheme at the present 
time and which will require additional experimentation. Thus in some of 
the operated hens, particularly in the early experiments in which key- 
chains and other large irritants were used, the ovary enlarged consider¬ 
ably, in some cases containing six or more follicles of ovulatory size (30 
or more mm. in diameter). This was interpreted to mean that the rate of 
secretion of FSH and possibily LH was increased appreciablj’’ bj’- the pres¬ 
ence of the irritant but here too o^UIlation was suppressed. In some hens 
the presence of a thread in the magnum did not suppress OAOilation but on 
the contrarj'^ caused superovulation. Thus in one case four eggs were laid 
in two successive da 3 "S although all of them were soft-shelled. In manj^ 
other cases two soft-shelled eggs were laid in one daj\ 

The presence of a uterine irritant produces a ver}’- high proportion of 
either soft-shelled eggs or j^olks coated only with albumen or e^-en 5 ’-olks 
which are laid complete^ uncoated. In one experiment eight normal hens 
laid 63 eggs, onlj" one of which was soft-shelled while eight operated hens 
ovulated with LH produced 16 eggs, eight of which were either soft-shelled 
or consisted of jmlks coated with albumen onl 3 ^ One of these hens laid two 
eggs in 12 hours, the first egg with a normal shell, the second soft-shelled. 
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These facts show that uterine irritation may occasionally cause an in¬ 
creased rate of both FSH and LH secretion leading to superovulation. 

The existence of this hitherto unsuspected neurogenic connection be¬ 
tween the oviduct and the pituitary gland raises the question whether this 
relationship has any physiological significance in the normal hen or whether 
it is an artifact. It is thought that the mechanism described is physio¬ 
logically important in that it may serve the hen as a timing device which 
prevents ovulation while a yolk (an irritant) is passing through the oviduct. 
Additional work will be needed before the details of such a signalling sys¬ 
tem are understood and can he fitted into the time schedule already worked 
out with regard to the release of LH and the length of time an egg nor¬ 
mally spends in the oviduct and in the shell gland. 

SUMMARY 

The presence of an irritant, such as a loop of thread, in the magnum 
portion of the oviduct of laying hens, completely suppresses ovulation in 
the great majority of the treated animals. There is no reduction in the 
size of the ovary, the oviduct or the comb of these hens for as long as 25 
days. 

Injection of progesterone or of gonadotrophin containing LH into such 
hens causes ovulations but only so long as the injections are continued. 

The presence of an irritant is thought to prevent the secretion of amounts 
of LH sufficient to cause ovulation (ovulatory peaks), but does not inter¬ 
fere with the secretion of levels of LH sufficient to assure normal androgen 
secretion, as is evidenced by the fact that in hens with a thread in the ovi¬ 
duct the comb does not decrease in size. The presence of the loop does not 
prevent the secretion of normal amounts of FSH since the ovary remains 
of normal size for as long as 25 days after the operation. For approximately 
the same length of time the ovary also contains follicles of ovulatory size 
(30 mm. or over) and in the same numbers as would be expected in un¬ 
operated hens. These follicles continue to secrete estrogen at normal 
levels since the oviduct in operated hens does not decrease in size and re¬ 
mains capable of secreting albumen. 

This neurogenic system may be of physiological importance in the 
normal hen in that it may serve to synchronize ovulation with the other 
events of the lajdng cycle. 
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THE POTENCY OF CERTAIN DESOXYCORTICOS- 
TERONE ESTERS WITH RESPECT TO THE 
PRODUCTION OF HYPERTENSION AND 
CARDIOVASCULAR LESIONS* 

C. E. HALL AND 0. HALL 

The Carter Physiology Laboratory, University of Texas Medical Branch, Galveston, Texas 

O P THE 11-desoxycorticoids which are available for therapeutic use, 
desoxycorticosterone acetate (DC-acetate) has enjoyed the widest 
acceptance. In an effort to increase the activity of the hormone either by 
conferring upon the steroid a more favorable absorption rate or reducing 
the rate at which it is metabolized by the body, various esters, in addition 
to the commonly used acetate, have been prepared. The water soluble 
DC-glucoside has proven to be very effective, when administered intra¬ 
venously, in effecting the recovery of adrenalectomized dogs from the 
symptoms of acute adrenal insufficiency (Meier et al., 1944; Swingle et al., 
1952). DC-benzoate, DC-palmitate and DC-butjuate have each been 
found, when given in identical dosage by single injections, to prolong the 
life of adrenalectomized rats more effectively than either dexoxycorticos- 
terone or its acetate. 

With the recent preparation of DC-trimethylacetate and DC-phenjd- 
acetate, attention has again been focused on the metabolic effects of 
desoxycorticosterone esters. Both of the latter compounds have been 
found to be more effective than the acetate when given as single injections, 
in maintaining the adrenalectomized dog free of insufficiencj^ symptoms 
(Swingle et al., 1952; Gross and Tschopp, 1952), or in prolonging the sur¬ 
vival period of adrenalectomized rats (Gaunt et al., 1952; Gross and 
Tschopp, 1952). Clinically, the trimethjdacetate has Ijeen found, again 
administered as a smgle injection, to have prolonged effects in patients 
with Addison’s disease and acute effects of overdosage have not been 
observed (Frawley and Forsham, 1951). 

There is no reason a priori to suppose that the different esters of des¬ 
oxycorticosterone would vary qualitatively in their actions, althougli 
quantitatively dissimilar activities might be anticipated. In view of the 
fact that toxic s 3 unptoms of overdosage with DC-acetate, including hjqjer- 
tension, edema and cardiac failure have been obserr'ed in man (Giraud 


Received for publication August 6, 1952, 

* This study was supported by a grant from the American Heart Association. 
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et al., 1950; Willson et al., 1940; Thorn et al., 1940) and the rat ( 8013^6 
and Hall, 1944; Friedman et al., 1948), it might be expected that other 
desox 3 ^corticosterone esters would display similar effects. Because the 
studies on DC-phen 3 dacetate and DC-trimethylacetate reported to date 
appear to have been concerned exclusively with the effects of a single in¬ 
jection, an experiment designed to test the effect of chronic treatment with 
desoxycorticosterone esters in order to assess their relative toxicit 3 ’' witli 
respect to the cardiovascular system appeared to be warranted. 

METHOnS 

Forty female albino rats of the Holtznian sti-ain weighing between 60 and 89 gms. with 
an average of 75 gms,, were unineplirectomized and divided into four equal groups. The 
rats of groups 1, 2, and 3, each received 2 mg./da}' of DC-acetate,t DC-phen 3 -lacetate 
and DC-trimeth 3 dacetate respectiveb'-, b 3 ' subcutaneous injection, in 0.2 cc. of the sus¬ 
pension medium. The animals of group 4 each received 0.2 cc./da 3 ' of suspension medium 
and ser^md as controls. All animals were maintained on a regimen of Purina Laboratoiy 
Chow and 0.9% NaCl solution ad lib. 

Blood pressures, on unanaesthetized animals, were measured on the first da 3 ’^ and once 
weekl 3 ’^ thereafter until the experiment was terminated. A modification (Sobin, 1946) of 
the tail pleth 3 'smograph method (lYilliams et al., 1939) was emplo 3 ’ed, and the arith¬ 
metic mean of four consecutiA^e pressures agreeing to within 5 mm. Hg was taken to be 
representative of the blood pressure of the rat in question. The daity fluid intake of each 
of the groups of experimental animals was measured. The animals were sacrificed on the 
2StIi da 3 '^ of the experiment, and the various tissues and organs were excised and placed 
in Bouin’s solution for fixation and subsequent histologic treatment. After fi.xation, the 
organs to be weighed were transferred to water for 24 hours. The 3 ' were then carefulb’ 
dissected free of connective tis.sue, blotted on filter paper and weighed on a torsion bal¬ 
ance. 

RESULTS 

Fluid Intake 

The fluid intake of each of the four groups is given in Figure 1. It is appar¬ 
ent that the dail 3 " consumption of fluid was greatl 3 '’ augmented in each of 
the steroid treated groups, although those receiving DC-acetate showed 
the greatest evidence of pol 3 ’'dipsia, and those receiving DC-trimeth 3 d- 
acetate the least. Until the third week of treatment, at which time hj^per- 
tension became more marked in the DC-ti‘imeth 3 dacetate group, these 
animals were consuming about twice as much of the saline solution as 
controls, while those receiving DC-acetate consumed about three times as 
much. The fluid intake of rats receiving DC-phen 3 dacetate, while slight^ 
less than that of the DC-acetate group, paralleled the latter closely 
throughout the major part of the experiment. 

t The authors are indebted to Dr. Robert Gaunt, Ciba Pharmaceutical Products Inc., 
Summit, N. J. for the desoxycorticosterone phen 3 dacetate and trimetlylacetate used in 
these studies, and to the Schering Corporation, Bloomfield, N. J. for the desox 3 'coi‘ti- 
costerone acetate. 
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2 4 6 8 10 12 14 16 18 20 22 24 26 28 
' DAY 

Fig. 1. Intake of 0.9% NaCl solution in control rats and rats receiving the acetate, 
phen 3 'lacetate and trimetlndacetate esters of deso.vj'corticosterone. 

Blood Pressure 

In the various studies on hypertension which we have conducted in the 
rat, rarely is a pressure of 135 mm. Hg or higlier encountered in un¬ 
anesthetized normal animals from our colony. However, since an occasional 
rat ma}" show pressures of 145 mm. Hg, a level of 150 mm. Hg has ar- 
bitraril}^ been selected as the lowest pressure consistent with a diagnosis of 
h 3 ’^pertension. While it is possible that a few animals having pressures 
which lie between 140 and 150 mm. Hg might be trul}'' h 3 ’-pertensive while 
not considered as such, at least the level of 150 mm. Hg permits us to be 
more certain that such a pressure has resulted onl 3 ’- through treatment. 

No evidence of h 3 ’’pertension Avas encountered at 3113 '- time in the control 
animals of group 4. The behavior of groups 1 and 2, receiving the acetate 
and phen 3 dacetate respectivel 3 ’’ was essential^’’ similar. There was earl 3 ^ 
onset of .h 3 'pertension, detected in the second week of treatment,which 
became progressiA’el 3 ’’ more seA'ere, Avith the result that on the 2Gth da 3 ^ 
of treatment all of the animsls in these groups Avere h 3 'pertensiA’e, the 
group aA'erage being in excess of 210 mm. Hg. The animals of group 3, 
receiA’uig trimeth 3 dacetate, were much less affected. IITiile there was an 




160 


HALL AND HALL 


Volume 52 


early onset of hypertension in four of the animals, i.e. on the 7th day, the 
incidence did not increase until the fourth week of treatment in which, for 
the first time, the average blood pressure of the group exceeded 150 mm. 
Hg. At the last blood pressure determination, the group average was less 
than 190 mm. Hg and two of the nine survivors were normotensive, having 
pressures below 140 mm. Hg. H 3 '-pertension in group 3 tended therefore, 
to be later in onset, milder in severity and of lesser incidence than in groups 
1 and 2. Table 1 summarizes the data. 


Table 1. Effect of desoxycorticosterone esters on blood pressure of the rat 





1 

1 

Controls 
(group 4) , 

Desox j’corticosterone 

D.aj- 

Blood pressure 


Acetate 
(group 1) 

Phenj’l- 
acetate 
(group 2) 

Trimethj’l- 
acetate 
(group 3) 

1 

No. hj’pertensive 
Group average, mm. 

Hg. 

0 

l]2±2t 

0 

112+2 

0 

111 +2 

0 

115+3 

i 

No. hj’pertensive 
Group average, mm. 

Hg. 

0 

111 +2 

4 

142+6 

1 

135±4 

4 

14S±4 

14 

No. hj’pertensive 
Group average, mm. 

Hg. 

0 

115±3 

5 

158 + 11 

7 

156+4 

3 

143 ±6 

21 

No. hj’pertensive 
Group average, mm. 

Hg. 

0 

115+2 

9 

176±11 

10 

193 ±7 

4 

147 + 10 

26* 

No. hj’pertensive 
Group average, mm. 

Hg. 

0 

! 119±2 

9 

21S±11 

9 

214 + 10 

183 ±12 


* Nine animals surviving in each steroid treated group on this da3'. 
t Mean±S.E. 


Miscellaneous Observations 

The animals of groups 1 and 2, which showed earlj^ onset of severe 
hypertension and marked polj'-dipsia also developed edema and ascites 
during the second week of treatment and continued to manifest these 
changes in vaiying degree throughout the period of treatment. The animals 
of group 3, treated with DC-triinethjdacetate, increased their fluid intake 
markedlj", i.e. from about 90 cc./rat/daj'- to about 125 cc./rat/day during 
the last week of treatment, at this time they also began to develop the 
edema and ascites which had an earlier onset in groups 1 and 2, and an 
additional three animals became lypertensive. 

Retinal hemorrhages, a not uncommon sjmiptom of h 3 '-pertensi'\’’e 
oculopathy in DC A treated rats, was observed in two animals in group 1 
and one animal in group 2. Thej'- did not occur in groups 3 and 4. 

Organ Weights: These data are given in Table 2. 

Adrenals. There was no significant alteration in adrenal weight as a re¬ 
sult of treatment with the DC-esters. This is in conformitj'" with published 
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observations on the effect of DC-acetate. Since the main effect of 11- 
desoxycorticoids is to cause involution of the cortical zona glomerulosa, 
which constitutes an insignificant proportion of the total bulk of the gland, 
changes in adrenal weight are never pronounced in animals treated witli 
these hormones. 

Kidneys. The renal enlargement, so characteristic of DCA treated rats, 
was equallj’' marked in rats treated ivitli DC-phenjdacetate and DC- 


Table 2. Organ weights and cardiovascular lesions in control 

AND STEROID TREATED RATS 




Desoxycorticosterone 

Item 

Controls 

1 

Acetate 

Phenylacetate 

Trimethyl¬ 

acetate 

Body wt. g. 

Initial 

Final 

73 ±3 
14G±17 

75+3 

141 +5 

75 ± 4 

122+6 

75+3 

141 +4 

Adrenal mg./lOO g. 

2-l.G±1.5 

22.0+0.9 

29.0 +2.0 

23.7±1.4 

Heart mg./lOO g. 
Incidence and sever¬ 
ity of lesions 

298 ±14 

0 (10) 

449 ±43 
+ (3)* 
+ + (1) 
+ + +(2) 
0(3) 

453 ± 29 
+ (2) 

+ + (3) 

+ + + (3) 

0(1) 

378 ±27 
+ (4) 

+ + (1) 

+ + + (0) 
0(4) 

Kidney mg./lOO g. 
Incidence and sever¬ 
ity of lesions 

G21 + 15 
0(10) 

1307 ±89 
+ (3) 
+ + (4) 
+ + +(2) 
0(0) 

1360 ±96 
+ (2) 

+ + (3) 

+ + + (4) 

0(0) 

1118±104 
+ (2) 

+ +(3) 

+ + +(2) 
0(2) 

Pancreas 

Incidence and sever¬ 
ity of lesions 

i 

0(10) 

■f (5) 
+ +(1) 
+ + + (0) 
0(3) 

+ (3) 

+ +(2) 

+ + + (3) 

0(1) 

+ (0) 

+ -|-(3) 

+ + -I-(0) 
0(6) 


* Severity, designated bj' pluses, is followed by bracketed figure indicating incidence. 


trimethylacetate; there being no significant difference in renal weight be¬ 
tween any of the steroid treated groups. 

Heart. Cardiac Iij’-pertrophj’’ was evident in each of the steroid treated 
groups, although not as marked in the group which received DC-trimethjd- 
acetate as in those treated with the acetate or phenylacetate. 

Cardiovascular Lesions 

Histologic examination of the kidney, heart and pancreas, the latter 
having proven to be a site of predilection for the necrotizing arteriolitis 
which occurs in hypertensive DCA treated rats, revealed tliat tj^pical 
lesions were present in animals in each of the groups. However the}" were of 
lower incidence and lesser severity in the trimeth 5 dacetate tlian in the 
acetate or phenylacetate treated rats. A summary given in Table 2 synop- 
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sizes the data. The severity of lesions are graded on a scale of 0 to + + + . 
In the pancreas the lesions were entirely vascular, of the periarteritic 
type; in the heart they consisted of either arteriolar necrosis with an 
associated perivascular accumulation of inflammatory cells, resembling 
the “Aschoff nodule”; or as an interstitial myocarditis. The renal lesions 
were those of arteriolosclerosis and necrosis, glomerulosclerosis and oc¬ 
casionally focal infiltrations of inflammatory cells. The incidence of lesions 
in each of these tissues was approximately equal in the acetate and phenyl- 
acetate groups and less in the trimethylacetate treated rats. 

DISCUSSION 

Insofar as polydipsia and the development of hypertension may serve as 
criteria in the estimation of mineralocorticoid toxicity, these experiments 
suggest that DC-acetate and DC-phenylacetate are of approximately 
equal potency whereas DC-trimethylacetate is somewhat weaker. The 
conclusion is also supported by the incidence and severity of cardiovascular 
lesions. Although, it would be hazardous to draw sweeping conclusions 
from one experiment involving so few animals, in view of the variability 
of such responses (Rosenberg et al., 1952), the present experiment suggests 
that DC-phenylacetate is somewhat more toxic than DC-acetate. 

The effects of DC-trimethylacetate, as compared with those of the 
acetate and phenylacetate derivatives,'were relatively delayed in onset. 
This was manifest in saline intake and the development of hypertension. 
Since we have never observed lesions of the type described in desoxycorticos- 
terone-treated rats unless hypertension was present, and since the severity 
of the lesions is correlated with the duration and severity of hypertension, 
it was not surprising that the cardiovascular lesions were of lower incidence 
and lesser severity in the DC-trimethylacetate group. 

The conclusion which appears to be best compatible with the results 
obtained is that each of the esters is capable of producing hypertension 
and cardiovascular damage, but that DC-trimethylacetate, possibily 
because of a slower absorption rate, requires a longer period of time to 
exhibit the same toxic potentiality as the acetate and phenylacetate. 

Since the evidence previously cited indicates that at a given dosage 
DC-trimethylacetate exerts a more prolonged effect than the acetate, and 
inasmuch as it is more effective than DCA even at a lower dosage in sup¬ 
porting life and growth in the adrenalectomized rat (Gaunt et al., 1952), 
it would seem likely that DC-trimethylacetate will prove, because of its 
lower toxicity, to be preferable to the acetate in controlling the electrolyte 
imbalance in patients. 
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Pdrua-v 


SrMMAKV 

A comparijou of the toxicity of three de^oxycorticofterone e^ter^. namely 
the acetate, phenylacetateand trimethylacetate, ha? been made in the ntt. 
The criteria useii were the induction of ln'perten?ion and cardiova?eular 
le?ion? in the uninephrectomize<l rat maintained on a high XaCI intake and 
receiving 2 mg. day of the steroid subcutaneously. 

The results indicate that the onset of Initertension. severe polydipsia, 
edema and ascites is rapid in nits recemng either the acetate or phenyl- 
acetate and delayed in rats treated with the trmtethylacetate ester. 

Cardiovascular lesions, while present in all groups were of lowest in¬ 
cidence and least severity in rats treated with DC-trimethylacetate. 

REFEREXCES 

Fkawlft. T. F. axd P. H. Fof.skam:.!. Cu'r;. Endocrtr . p ’.. 11: 772. 1951. 

Fp.iedmax. S. M.. C, L- Friedmax axd J. R. Poleev: An. J. PhiJswL 153: 22o. 194S. 
G.wxt, R.. j. H. C. Howell and X. .\ntonckak: Er.dcc.-ir.o’.O'jn 50: 521. 

1952. 

Gikavd. G.. H, Latove and .\. Levt: Arcl. nV nc.L du avi.r. 43: 599.1950. 

Gross, F. .vnd E, Tschopp: E.-jvnVii.'iV. S: 75.1952. 

Meier, R.. H. Gysel and R. Mvller: Sr.’it.v!-. md. Wd.mclr. 74: S3, 1944. 
Ro5ENDEr.G. C. -4.. D. M, Woodbckt ANT) G. S.AYEP.s; J. Clir.. Endo'.'rir.o'.. and Mftab. 
12:666. 1952. 

Selye. H. "Stress" .4cta Inc.. Montreal. 1950.. p. 476. 

Selye. H. and C. E. HLux: An . fhc.r: J . 27:33S. 1944. 

SoBiN. S. S.: -4r;. J . Phi:sioL 146:179. 1946. 

Swingle. W. W.. E. Collins. G. B.vrlow .and E. Fedor: .4r:. J. Pr.uswL 169: IIS. 1952. 
Swingle, W. W.. ,T. PEP-Liim, P. Se.ay and E. Collins; .Ir:, J. Ph'jnol. 16S: S25. 
1952. 

Thopzn, G. W. and YT. M. Fif.or: J'..4..1f..4.114: 2167. 1940. 

WiLLLvMS, J. R., Jr., T. R. Harpjson an*d A. Grollm.an: J. Clin . /nrcs,'. IS: 373, 1939. 
Willson, L. M., E, H, Rynearson and T. J. Dry; Proc. Staff Meet. Mavo Clinic 15: 
273. 1940. 



A QUANTITATIVE STUDY OF THE VASCULARITY 
OF THE ADRENAL GLAND OF THE RAT 
DURING PREGNANCY AND AFTER 
CORTISONE TREATMENT'.^ 

M. EDWARD DAVIS, E. J. PLOTZ, and ERIKA PLOTZ 

From the Department of Obstetrics and Gynecology, The University of 
Chicago and the Chicago Lying-in Hospital, Chicago, Illinois 

T he maintenance and activity of cells of an organ is dependent among 
other things on the functional adequacy of the blood supply. The 
functional adequacy of the circulation of any organ depends in turn on 
a number of factors; the blood volume, rate of blood flow, the concen¬ 
tration of gases, nutrients and metabolites in the blood and tissue fluid, 
the tissue permeability of these substances, and the area of the capillary 
bed. In an endocrine organ, like the adrenal cortex, these factors are 
especialU important, as the functional activity is expressed by the pattern 
of blood circulation. The complexities in the morphology of the adrenal 
cortex of mammals are so great that it seems practical at the present time 
to approacli experimental^ only the estimation of the area of the capillary 
bed. This area may be expressed as a ratio of the surface of the capillary 
bed to the volume of tissue occupied by it (S. V.). 

There are no quantitative estimations of the vascularity in the adrenal 
gland despite several good qualitative approximations (Sjostrand, 1934; 
Gersh and Grollman, 1941; Bennett and Kilham, 1940). The difficulties 
in the v^ay of a quantitative estimation are apparent. It was hoped that 
many of these difficulties, if not most, could be avoided by the use of 
fixation by freezing and drying. Such a study has been made by Gersh 
and Still (1945) for fat tissue, and essentially the same technique was used 
in this study. 

The experiments were undertaken in normal female and pregnant rats, 
with and without cortisone treatment. After very rapid fixation of the 
adrenals in situ by freezing with flowing isopentane at about —150° C., 
blocks of tissue were removed and dried at a low temperature. They were 

Received for publication August 22, 1952. 

1 This work has been carried out under a grant from the Douglas Smith Foundation 
for Medical Research, of the Universit 3 '- of Chicago, and the IVallace C. and Clara A. 
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2 We acknowledge the participation of Dr. Isidore Gersh from the Department of 
Anatomy, The University of Chicago in preparing this study. 
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embedded in cclloidin and sectioned serially. Camera lucida drawings of 
the outlines of the capillaries containing red blood cells were made. From 
the drawings were obtained data that gave the ratio of the total capillary 
surface to the volume of tissue supplied by the functioning vessels (S/V 
ratio), and the mean diameters of the capillaries. 

It was found that marked changes of the S/V ratio and of the mean 
diameter of the capillaries occurred in the zona fasciculata and in the 
zona reticularis during pregnancj’- and after cortisone acetate treatment. 
In marked contrast is the relative constancy of the vessels in the zona 
glomerulosa. The changes in the medullary capillaries, if significant, were 
small. 


MATEniAL AND METHODS 

Preparatory phase. Twelve fein.ale rats of the Spr.agiie-D.‘i\\'ley strain were used. They 
were fed "Complete Rockland Rat Diet” and the}' were allowed water ad libitum. Three 


Table 1 


Xo. 


Weight at the 
beginning, gms. 

W'cight after 18- 
19 days, gms. 

1 


192 

221 

2 

Controls 

190 

219 

3 


188 

217 

4 

Non-pregnant rats. Dailv 3 mg. 

183 

148 

5 

Cortisone acetate 

190 

105 

6 


182 

150 

7 


187 

280 

8 

Pregnant rats 

185 

209 

9 


188 

207 

10 

Pregnant rats 3 mg. Cortisone 

193 

240 

11 

acetate daily 

190 

251 

12 


201 

251 


Summarj' of the weights of the animals at the beginning and at the end of the prepanatory 
phase. 


normal rats served as controls; 3 non-pregnant rats were treated with 3 mg. cortisone 
acetate dailj^ for 19 days. Si.v animals in proestrus were caged with males in the afternoon 
and when sperm were identified in the vaginal smear on the following morning this was 
considered as day one of pregnanc 3 ^ Three of these rats were treated with 3 mg. corti¬ 
sone acetate daily for IS days; the other 3 received no treatment. Table 1 presents the 
summarj^ of the weights of the animals at the beginning and at the end of the preparatory 
phase. 

Preparation of the adrenals. Under light ether anesthesia the abdominal cavity was 
rapidlj' opened, the left adrenal exposed and immediately frozen in situ by a stream of 
isopentane chilled to about —150° C. The region including the frozen adrenal was then 
broken out with a chilled bone forceps. The gland was transfen ed to the drying chamber, 
and dried at —25° C. for eight days (Gersh, 1932). The adrenals were then placed in 
absolute alcohol at —25° C., and after 24 hours allowed to warm up to room temperature. 
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Tabi-e 3 







Controls 

3 mg. 
cortisone 
acetate 
d.aily 

Pregnant rats 
3 mg. 

Pregnant cortisone 
rats acetate 

daily 


Width 




OS. 7 

90.0 

64.2 

107.3 

Zona 

glomerulosa 

Volume 

mm.’ 



3.1 

2.S 

3.3 

3.1 

Total ca 

pillar.v 

surface 

mm.- 

1170 

1050 

1003 

1002 


Width 




S33.C 

529.0 

817.0 

585.0 

Zona 

fasciculata 

Volume 

mm.’ 



25.S 

9.1 

24.0 

10.4 

Total c!! 

ipillaiy 

surface 

mm.’ 

207M 

3305 

31857 

2552 


Width 




401.S 

242.7 

370.5 

283.5 

Zona 

reticularis 

Volume 

mm.’ 



4.5 

1.8 

3.9 

2.0 

Total C! 

ipillar\- 

surface 

mm.- 

5115 

1523 

5840 

1108 

Medulla 

Width 




703.3 

050.9 

737.5 

597.5 

Volume 

mm.’ 



1.0 

1.2 

2.2 

0.9 


The width, volume and total capillary surface of the different zones under the different 
experimental conditions. Marked changes in the total capillary surface in the zona fascicu- 
lata and zona reticularis arc in contrast to the relative constancy of the vessels in the zona 
glomerulosa. The total surface of functioning capillaries of tlie medulla was not determined 
because measurements of the medullary sinusoids and veins wore not made. 

the pregnant rats the S/'\^ ratio was significantly lowered and the mean 
diameter of the capillaries was reduced below that of untreated controls 
(3.6 microns for both treated groups) (Fig. 2 A, B, C, D.). 

These differences in the surface area of capillaries per unit volume are 
magnified when one takes into account changes in the volume of the fas¬ 
cicular zone (see Table 3). The total capillary surface of the zone showed 
an increase from 20,747 mm.- to 31,857 mm.^ in pregnancy and a decrease 
to 3,365 mm.^ and 2,552 mm.^ respectively after cortisone treatment. 

Zona reticularis. There was a definite increase of the S/V ratio during 
pregnancy and possibl}’’ an increase of the mean diameter of the capillaries 


Explanation of Plate I 

Fig. 2. Photomicrographs to illustrate changes in the diameter and in the number of 
open capillaries of the zona fasciculata of the rat are more numerous and their lumens are 
wider in diameter than in the non-pregnant rat. After treatment with cortisone the diam¬ 
eter and the number of open capillaries were markedly reduced in both pregnant and 
non-pregnant animals. The adrenals were prepared bj'^ freezing and_ dr 3 dng, embedding 
in celoidin, and staining with hemato.xylin eosin (X550). 

A. Normal, non-pregnant. B. Normal, pregnant. C. Non-pregnant, treated with 
cortisone, and D, pregnant, treated with cortisone. 
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(from 9.3 microns for normals to 10.0 microns for pregnant animals). (See 
Table 2.) After cortisone treatment of non-pregnant and pregnant rats the 
S/V ratios were reduced below figures obtained in the untreated controls. 
The mean diameter in the non-pregnant group was reduced to 6.4 microns 
and in the pregnant group to 6.7 microns after cortisone administration. 

The total capillary surface in the zona reticularis was increased during 
pregnancy (5,115 mm.® for noi-mal rats, and 5,846 mm.® for pregnant rats). 
Cortisone acetate treatment caused a definite decrease of the total capillary 
surface of the reticular zone in non-pregnant rats (1,523 mm.®) as well as 
in pregnant animals (1,168 mm.®). 

Medulla. A slight decrease of the S/V ratio which may be not significant 
was observed after cortisone treatment. The mean diameter of the capil¬ 
laries was reduced from 8.5 microns (non-pregnant) and 7.5 microns (preg¬ 
nant) to 6.2 microns and 6.0 microns, respectively; whether these changes 
are significant is also not known. No changes occurred in the pregnant 
rats. The total capillaiy surface was not determined in the medulla be¬ 
cause measurements of the medullaiy sinusoids and veins were not taken. 
As these constitute a significant proportion of the total medullary volume 
the values of the total capillarj'- surface in the absolute volume of the 
medulla would be misleading. 


DISCUSSION 

The very rapid fixation of the adrenals in situ by freezing at about 
— 150° C. makes it possible to determine approximate!}'' the dimensions 
of the capillaries containing red blood cells at the moment of freezing 
(Gersh and Still, 1945). The knowledge of the so obtained S/V ratio of 
the different zones of the adrenal contributes to the undei'standing of the 
functional activity of the gland. 

In contrast to findings in other species several investigators (Donaldson, 
1924, 1928; Anderson and Kennedy, 1933; Blumenfeld, 1934) did not 
find a significant increase in adrenal weight during preganney. However, 
a definite increase of the S/V ratio and of the total capillaiy bed of the 
zona fasciculata and zona reticularis was observed during pregnancy in 
these experiments. The S/V ratio for the zona reticularis of the pregnant 
rats (1,483) is the highest S/V value ever reported for tissue. Catchpole 
and Gersh (1947) calculated for the medulla of the mouse kidney 1,400, 
for the kidney cortex 850, for the heart muscle of man 1,184, for the mouse 
liver, 800. The values for other tissues (skeletal muscle, brain cortex, 
cerebellum, duodenum, pancreas) range between 190 and 500. 

Severe adrenal atrophy in rats has been described after high dosages of 
cortisone (Ingle and Mason, 1938; Wells and Kendall, 1940; Steblu'ns, 
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1950; Winter ct aL, 1950) cine to rechiction in size of the cells of the fascicu¬ 
lar and reticular zones. A complete loss of lipid from the cells of these zones 
■has been observed. Sourkes and Hcnage (1951) stated that adrenals of 
cortisone treated rats showed a decreased endogenous respiration as well 
as greatly reduced rates of oxidation of various intermediates of the Krebs’ 
cycle. While the total volumes of the zona fasciculata and zona reticularis 
were reduced to nearl}' one third of the original volumes after cortisone 
acetate treatment, the total capillary surface of these zones was reduced 
to approximately one fifth to one tenth of the capillaiy bed of the controls 
and of the pregnant adrenals. 

Sjostrand (1934) stated that the same factors which are responsible for 
excessive cortical activity are effective on the vascular pattern of the 
medulla. Gersh and Grollman (1941) reported that the same vascular 
adjustments appear to take place in the medulla during hyperactivity as 
were described in the cortex, though to a less marked degree. It seems that 
no change takes place in the medulla of the adrenals of pregnant rats. 
The decrease in the S/V ratio and in the mean diameter of the capillaries 
was so small after cortisone treatment that these changes maj’' be considered 
also as not significant. 


SUMMARY 

The ratio of the surface of the capillaries to the volume of tissue sup¬ 
plied b}'’ vessels (S/V ratio) of the zona fasciculata was markedly in¬ 
creased in pregnancy, and reduced below normal levels after the dailj'^ 
administration of 3 mg. cortisone acetate for a period of 18-19 days. 
Similar changes of the S/V ratio were obtained in the zona reticularis. 

These differences in the surface area of capillaries became magnified by 
taking into account the volume of the zones. The total capillary surface 
of the zona fasciculata was increased during pregnancy by one half. It 
was reduced b 3 ’’ one fifth to one tenth after cortisone acetate treatment. 

Changes of the vascularity of the zona glomerulosa were not observed 
under the different experimental conditions. The S/V ratio in the medulla 
was not altered markedly in the pregnant animals and the slight decrease 
of the S/V values after cortisone treatment was too small to be considered 
significant. 
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EFFECTS OF TESTOSTERONE PROPIONATE ON 
HISTOCHEMICAL REACTIONS OF RAT 
SEMINAL VESICLES 
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Iowa Agricultural Experimciit Slalion, Iowa State College, Ames, Zowa* 

INTUODDCTION 

T he English anatomist, Jolin Hunter (17S6), was the first to describe 
the seminal vesicles of tlie rat. His description is as follows: “tlm bags 
are large and flat with serrated edges and lie somewaj'^ within the abdomen, 
containing a thick ash coloured mucus, nearlj" the consistencj'' of soft 
cheese. ...” Nearly 150 j’^ears later Moore, Hughes, and Gallagher 
(1930) made a detailed cytological study of this organ and demonstrated 
the fundamental relationship existing between the testicular hormone and 
the functional activity of the secretory epithelium. Reccntlj’' Porter and 
Melampy (1952) have presented the results of a biochemical studj’' of the 
composition aiid metalmlism of this gland. 

This investigation deals with the effects of testosterone propionate on 
the structure and function of the seminal vesicles of the rat. Histochemical 
observations were made on basophilia, the localization of alkaline and 
acid phosphatases, and periodic acid-i-eactivc carl)oli 5 'drates. Further¬ 
more, information is presented on the distribution of connective tissue in 
the gland as well as mitotic acthdty. Intact, castrate, and hormone- 
treated castrate animals were used in this work. 

MATERIALS AND METHODS 

Histochemical changes in the seminal vesicles of the rat were studied in 3 groups of 
animals: (1) 6 intact sexually mature males, (2) 19 castrates, 2, 5, 10 and 20 days after 
gonadectomy, and (3) 23 castrates receiving subcutaneously 500 fig. of testosterone pro¬ 
pionate (T.P.)t daily for 2, 5, 10, and 20 days. The seminal vesicles of the animals in 
group 3 were allowed to atrophy for a 20-day period following castration prior to hor¬ 
mone treatment. The animals in groups 2 and 3 were mature males weighing 240-255 
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ble sources of error in the use of purified ribonuclease in cytochemical stud¬ 
ies have been discussed by Stowell and Zorzoli (1947). 

The lamina propria contained methylene blue-staining cells, pink fibers, 
and brightly stained erythrocytes and no basophilia was observed in the 
arterioles and venules. The secreted material present in the lumen was 
stained with eosin. 

Alkaline and acid phosphatases. The results obtained by a histochemical 
investigation of the influence of male sex hormone on the alkaline and acid 
phosphatase activity of the seminal vesicles of the rat as determined by 
the method of Goetsch, Reynolds, and Bunting (1952) are presented in 
Tables 1 and 2 and Figures 5, 6, 7, and 8. A gradient of apparent alka- 


Tablb 1. Alkaline phosphatase localization in seminal vesicles of intact, 

CASTRATE AND HORMONE-TREATED CASTRATE RATS 



Intact 

animal 

10-day 

castrate 

20-daj’ 

castrate 

5-day 

injected 

10-day 

injected 

20-day 

injected 

Epithelium 

A. Nucleus 

0* 

0 

0 

0 

0 

0 

B. C.vtoplasm 

0 

0 

0 

0 

0 

0 

C. Secretion granules 

0 

0 

0 

0 

0 

0 

Connective tissue 
(lamina propria) 

+ + + 

+ + + 

+ + 

-I- + + + 

+ + + 

-h 

Blood vessels in lamina 

propria 

+ + + 

+ + + 

+ + 

+ + + + 

+ + + 

+ 

Smooth muscle 

4- 

0 

0 

0 

0 

0 

Blood vessels in smooth 

muscle 

+ 


+ 

+ + + 

+ 

+ 


* Evaluation: -H + T-f, intense; -f+ -f, strong; -f-f, weak; -k, faint; 0, no reaction. 


line phosphatase reaction occurred adjacent to the interacinar stroma 
in sections deparaffinized prior to incubation which makes critical evalua¬ 
tion of the localization difficult. Furthermore, the acid phosphatase reac¬ 
tion in deparaffinized sections tvas somewhat variable. Incubation of 
non-deparaffinized tissue sections gave a more accurate localization of 
enzyme activity. No alkaline or acid phosphatase activity was found in 
air-dried smears of seminal vesicle secretion. These results confirm chemical 


Explanation of Plate I 

Fig. 1. Basophilia in seminal vesicles of intact animal. Toluidine blue. Xl60. 

Fig. 2. Same as Fig. 1. Following ribonuclease prior to toluidine blue. X160. 

Fig. 3. Basophilia in seminal vesicles of intact animal. Eosin-methylene blue. X500. 
Fig. 4. Seminal vesicles of 20-da3’- castrate. Atrophied secretory epithelium. Eosin- 
methylene blue. X500. 
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analyses which indicated the absence of both enzymes in the secretion 
of the rat. 

Connective tissue. The outer layer of the seminal vesicles of intact animals 
was composed of a fine, thin capsule of connective tissue; whereas the 
smooth muscle zone surrounding the lamina propria (interacinar stroma) 
was relatively thick and was interwoven with elastic tissue. The lamina 
propria was formed chiefly of elastic fibers, and numerous arterioles and 


Table 2. Acid rriosPHATAsfe localization in sesiinal vesicles of intact, 

CASTRATE AND HORMONE-TREATED CASTRATE RATS 



Intact 

10-daj' 

20-day 

5-day 

10-day 

20-day 


animal 

castrate 

castrate 

injected 

injected 

injected 

Epithelium 







A. Nucleus 

+ + + * 

-1- + 

+ 

+ + + 

-k + + 

+ + + 

B. Cytoplasm 

+ + + 

t 

t 

+ + + 

+ + + 

4“+4" 

C. Secretion granules 

-h + + 

0 • 

0 

-I- + + + 

+ -k + + 

++++ 

Connective tissue 





- 


(lamina propria) 

+ + + 

+ + 

+ 

+ + + + 

+ + + + 

-k + + + 

Blood vessels in lamina 



+ 




propria 

+ -k + 

+ + 

or 

+ + + •+' 

+ + + + 

-k + + + 



-i-+ 




Smooth muscle 

+ + 

+ 

+ 

-f- -k -k 

+ + + 

-k + + 

Blood vessels in smooth 



+ 

+ + 4" 



muscle 

+ + 

+ + 

or 

or 

+ -k + 

-k + + 



++ 

-k-k++ 




* Evaluation: -|--h + +, intense; strong; weak; +, faint; 0, no reaction, 

t Reaction appeared to decrease but because of the small amount of cytoplasm present 
in each cell it was difficult to evaluate the intensit}' of the reaction. 


venules were widely distributed throughout this structure. No basement 
membrane was visible as such and the epitlielium was seen to rest directly 
on the connective tissue as previously described by Moore, Hughes, and 
Gallagher (1930). The lamina propria divided into secondary and tertiary 




Explanation of Plate II 

Fig. 5. Alkaline phosphatase localization in connective tissue of seminal vesicles of 
intact animal. No reaction in epitlielium and secretion in lumen. Two hours’ incubation. 

xico. 

Fig. 6. Alkaline phosphatase in the seminal vesicles of a 5-day T. P. injected castrate. 
A stronger reaction was obtained in the connective tissue of this stage than in Fig. 5. 
Two hours’ incubation. X160, 

Fig. 7. Seminal vesicle tissue of a 20-da3’- castrate showing acid phosphatase localiza¬ 
tion. Four hours’incubation. X160. 

Fig. S. Acid phosphatase in the seminal vesicles of a 5-day T.P. treated castrate. In¬ 
tense activity at the apical end of the epithelium. Four hours’ incubation. X160. 
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DISCUSSION 

In a biochemical investigation of the seminal vesicles of the rat (Porter 
and Melampy, 1952) it has been demonstrated that protein synthesis is 
an important function of this oi-gan and is androgen controlled. The secre¬ 
tion produced by this organ in normal males contained 13.6% total nitro¬ 
gen on a dry-weight basis. Castration of mature rats caused a decrease of 
73% in the fresh weight of the secretion-free glands after 20 days and there 
was a 74% decrease in the total nitrogen content of this organ in the same 
interval. The catheptic activity decreased to 0.9 of a unit after 24 days in 
contrast to 2.8 units at the time of gonadectomy. Two days following 
castration there was a 78% decrease in the quantity of secretion initially 
present in the glands. The secretion had decreased 98% by the fifth day, 
99% by the tenth day and ivas completely absent by the twentieth day. 
Subcutaneous injection of testosterone propionate (500 gg.) per day into 
castrate rats for 20 days resulted in the following increases per gland: wet 
weight 48 to 525 mg., nitrogen 0.2 to 7.3 mg. and the amount of secretion 
0 to 1322 mg. The catheptic activity per gland of rats that were injected 
over a 10-day period increased from 0.9 to 4.5 units during this time. 

In the present study it has been possible to extend these observations 
on the metabolism of the seminal vesicles by the application of histochemi- 
cal methods for basophilia using toluidine blue and eosin-methylene blue. 
The presence of ribonucleoprotein in the secretory epithelium of this organ 
is suggested because the cytoplasmic and in many cases nucleolar baso¬ 
philic reactions are abolished by treating sections with ribonuclease. This 
basophilia indicates an accumulation of ribonucleoprotein which may be 
related to the endocellular protein-synthesizing mechanism which is func¬ 
tional in this organ of the sexually mature rat. It is of interest that Wis- 
locki (1949) has reported that cytoplasmic basophilia was absent from the 
epithelium of deer seminal vesicles but the cytoplasm had a strong affinity 
for acid dyes. 

Recent investigations have shown a correlation between the nucleic acid 
content of cells of various tissues and their activity in protein synthesis. 
For example, in the pancreas, Caspersson (1950) has demonstrated that 
there is an intense protein metabolism and that the nucleotides of the 
nucleoli and cytoplasm are conspicuous. After pilocarpine stimulation there 
is a rapid synthesis of protein by the acinar cells which is preceded by nu¬ 
cleolar growth. Another example of this relationship is found in the gastric 
mucosa in which the protein-producing cells are characterized by a strong 
reaction for ribose nucleotides when compared to the parietal cells. 

Deane (1946) in a study of the basophilia of hepatic cells of mice has 
demonstrated that the degree of the reaction is related to the metabolic 
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acti^'ities of the organ.' For example, in the livers of mice killed after a 
known feeding time, changes in the amount and distribution of basophilic 
material occurred. Dempsej' and Wislocki (1945) have shown that baso¬ 
philia is a characteristic feature of tire cytoplasm of the synej'-tium and 
cytotrophoblast of the human placenta. This reaction in the syncytium 
was most marked in early pregnancy and disappeared during the last 
months of gestation. Ribonucleoprotein was also reported as a component 
of the sjmcjdial trophoblast of the cat and the trophoblast of the sow by 
Wislocki and Dempsej’’ (194G a, b). In an investigation of the histochemis¬ 
try of the rodent’s placenta Wislocki, Deane, and Dempsej’' (1946) observed 
cytoplasmic basophilia in the labjTinth and j’-olk sac of the mouse, rat, 
guinea pig, rabbit and hamster. It decreased graduallj’- in the labyrinth 
but persisted unaltered in the 3 ’’olk sac until term, 

Eabinovitch, Junqueira, and Rothschild (1951) reported that testos¬ 
terone propionate increased the amount of ribonucleic acid phosphorus 
of seminal vesicles of castrate rats. These investigators indicated that their 
findings support the suggestion of Caspersson (1950) dealing with the 
relation between ribonucleic acid and protein sjnithesis. 

Lesher (1951) has observed that in the case of the salivaiy gland of 
Drosophila larvae there appears to be a close correlation between endo¬ 
plasmic basophilia and nucleolar size. 

In the present study the nuclei in the secretory epithelium of the semiiral 
vesicles of intact animals were large and elliptical and nucleoli were visible 
in mest cf them. Two dan^s after gonadectom}" a few of the nuclei were 
pj'^knotic and contained small nucleoli. Twenty days following castration 
manj’’ nuclei were pn^kirotic and in numerous cases the nucleoli were absent 
cr greatty reduced in size. However, in some instances, these structures 
were similar to those observed in intact animals and this variation maj'- be 
due to differences in cellular activity. After 20 days of hormone injection, 
both nuclei and nucleoli of the secretorj'^ epithelium resembled those 
described as characteristic for intact animals. The changes observed in 
the. nucleolus suggest that this structure is of importance in the secretory 
activity of the epithelium of the seminal vesicles. 

Alkaline phosphatase activity was absent from the nuclei, cjdoplasm 
and secretory granules of the epithelium of seminal vesicles of intact 
animals as well as castrates and hormone-treated castrates (Table 1 and 
Fig. 5). The connectiTC tissue, particularty the lamina propria and its 
associated blood vessels, gave a strong reaction which became progressivety 
weaker 10 daj'-s after castration. How’ever, after 5 days of hormone injec¬ 
tion, the reaction of this tissue became intense but after this time this re¬ 
action decreased as is shown in Table 1. This apparent decrease in the histo- 
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chemical reaction may be related in part to the great enlargement of the 
acini at this time and as a result the stroma became stretched and rela¬ 
tively thin. 

Alkaline phosphatase concentration as measured by its activity per gra. 
dry weight of secretion-free tissue varied during the 20 days of hormone 
treatment; this activit 3 '' was greatest by the fifth daj^ wlien the average 
wet weight of the gland was 203 mg., and after this time there was a de¬ 
crease in activity which was associated with the increase in the size of the 
gland which was 525 mg. after 20 days of injection (Porter and Alelamp}", 
1952). Due to the greater relative increase in the various constituents of 
the gland, the absolute activity of this enz 3 ’-me per unit of weight became 
less from the fifth to the twentieth da 3 '' of injection. An intense alkaline 
phosphatase reaction was observed b 3 '- Dempsey, Greep, and Deane (1949) 
in the stroma and capillaries immediatel 3 ’- underneath the epithelium of 
the seminal vesicle of the rat. After h 3 'poph 3 ’-sectom 3 ’- the phosphatase 
activity declined and finalty disappeared, but the rate of disappearance 
varied with different substrates. Similar results followed gonadectomy. 
Wislocki (1949) obseiwed in the case of October deer alkaline phosphatase 
at the distal margins of the epithelial cells of seminal vesicle tissue, in 
the secretion filling the lumen, and in the interacinar stroma. In June deer 
much less enz 3 ^me actiAdt 3 ^ was present. 

The absence of this enz 3 ''me from the secretor 3 '- epithelium of the seminal 
vesicles of the rat is in accordance with the findings of other mvestigators 
which indicate the absence or low concentration of alkaline phosphatase 
activity in the cytoplasm of cells responsible for globular protein secretion 
such as in salivaiy glands (Gomori, 1941), pancreas (Kabat and Furth, 
1941), gastric mucosa (Jacob 3 ^, 1946), and albumen-secreting regions of 
the fowl oviduct (Bradfield, 1949). However, the occurrence of this enz 3 mie 
in the interacinar stroma of this gland is in agreement with the results of 
earlier studies on collagen formation in wounds (Fell and Danielli, 1943) 
and bones (Bourne, 1942, 1943), rat uterine epithelium (Pritchard, 1947), 
the vaginal wall of ovariectomized mice treated with estrogen (Jenner, 
1947), and silk glands of spiders and caterpillars (Bradfield, 1950). Accord¬ 
ing to Bradfield (1950) the presence of alkaline phosphatase in these 
various tissues suggests a relationship between tliis enz 3 ’-me and fibrillar 
protein formation. However, in a recent study Bern and Le^y (1952) 
have presented data which cast doubt on the concept of a relationship 
between alkaline phosphatase activity and the s 3 mthesis of fibrous pro¬ 
teins such as keratin, collagen, and m 3 '-osin. 

In the intact animal the nucleus of the epithelium showed a strong re¬ 
action for acid phosphatase which became progressive^ weaker during the 
20 days following castration as shown in Table 2. The C 3 ’toplasm and secre- 
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tion granules likewise gave a strong reaction in the intact animal, but, as 
the cell atrophied following castration, the intensity of the reaction ap¬ 
peared to decrease in the cytoplasm and no secretion granules were pres¬ 
ent (Fig. 7), However, 5 daj’-s after hormone treatment the reaction was 
strong in the nucleus and cj’-toplasm and intense in the granules. The 
connective tissue and sinooth muscle as well as the blood vessels in these 
tissues showed a decrease in acid phosphatase after castration followed 
by an increased reaction after hormone treatment (Table 2 and Fig. 8). 

Porter and Melampy (1952) found that the acid phosphatase activitj'’ 
on a gland basis as determined by chemical analj’-sis showed a 40% de¬ 
crease 5 days following castration and a 65% reduction after 20 days. 
Likewise, during the same interval, alkaline pho-sphatase activity de¬ 
creased 81%. There was a striking similarity between the decrease in 
activities of these enz5unes and the loss in weight of the gland. The con¬ 
centration of acid phosphatase increased 964% after 10 days of hormone 
injection. 

Wislocki (1949) observed that acid phosphatase was localized almost 
entnely in the nuclei of epithelial cells and was found to a lesser degree 
in the nuclei of the stroma of the seminal vesicles of the deer. In the case 
of a June deer the acid phosphatase reaction was ^^ery much fainter than 
that found in October deer. Bounce (1950) has stated that acid phospha¬ 
tase appeared to be generally present in both cytoplasm and nuclei. 
Wachstein (1944) in an investigation of renal phosphatases suggested that 
acid phosphatase was probably of importance in cell metabolism. This 
concept recei^’^ed further support when a marked increase in the enzyme 
was found in the perikaiyon during chromatolysis (Bodian and Mellors, 
1945), and Hard and Lassek (1946) have indicated that acid phosphatase 
maj’- be of importance in maintaining the myelin sheath. The physiological 
significance of acid phosphatase in the tissues of the seminal vesicles of 
the rat is unknown but the activitj'- of this enzimie was observed to be 
influenced either directl}" or indirectly by male-sex hormone. 

SUMMARY 

A basophilic reaction Avas observed in the cytoplasm of the secretory 
epithelium of the seminal vesicles of the rat following eosin-methylene 
blue and toluidine blue which was abolished by ribonuclease. The nucleoli 
were also basophilic but the reaction following ribonuclease was variable. 

Alkaline phosphatase activity was absent from the nuclei, cytoplasm 
and secretory granules of the epithelium of the seminal vesicles of intact 
animals as well as castrate and hormone-treated castrates. The connective 
tissue, particularlj'- the lamina propria and its blood vessels gave a strong 
reaction which became progressively Aveaker 10 days after castration. 
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Following 5 days hormone treatment the reaction became intense but after 
this time decreased. The results obtained from this histpchemical study of 
both acid and alkaline phosphatase activity in seminal vesicle tissue agree 
with the chemical analysis of similar tissues for these enzymes. These 
enzymes were absent from seminal vesicle secretion. In the intact animal 
the nuclei of the secretoiy epithelium showed a.strong reaction for acid 
phosphatase activity which became weaker following castration. Likewise 
the cytoplasm and secretion granules gave a strong reaction and the in¬ 
tensity appeared to decrease in the c 3 '-toplasm as the cells atrophied. How¬ 
ever, after 5 days treatment with testosterone propionate (500 ng. per da)'^) 
the reaction was strong in the nucleus and cj’-toplasm and intense in the 
granules. A similar response was also observed for acid phosphatase activity 
in the connective tissue, blood vessels, and smooth muscle of the gland. 

The outer layer of the seminal vesicles of intact animals was composed 
of a fine, thin capsule of connective tissue; whereas the smooth muscle 
zone surrounding the lamina propria (interacinar stroma) was relatively 
thick and was interwoven with elastic tissue. The sites of localization of 
alkaline phosphatase closelj'’ paralleled the distribution • of the lamina 
propria in this gland. Following castration there was an atrophy of the 
secretoiy epitlielium and the connective tissue and muscle layers were 
thickened in appearance. The administration of testosterone propionate 
caused a reactivation of the gland. 

Glycogen was absent from the seminal vesicle tissue of the rat. A slight 
positive reaction for periodic acid-reactive carbohydrates was obtained 
in the cjdoplasm of some of the cells of the secretoiy epithelium, smooth 
muscle la 3 ^er, the elastica interna of the blood vessels, and lamina propria. 

It was found by the use of the colchicine technique in both intact animals 
and 20-da3’' hormone treated castrates that 0.3% of the secretory cells 
showed mitoses. After one da 3 ' of injection there was 0.2% dividing cells 
but following 2 da 3 ''S of hormone treatment there was 13.4%. Two da 3 ^s 
after gonadectomy a few of the nuclei of the secretoiy cells were p 3 ''knotic 
and contained small nucleoli; whereas 18 days later maiy'- were p 3 dvnotic 
and in numerous cases the nucleoli were absent or greatly reduced in size. 
After hormone treatment, both structures resembled those of intact 
animals. 
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EFFECT OF IODIDE AND THYROID ON THE 
PRODUCTION OF TUMORS OF THE THYROID 
AND PITUITARY BY PROPYLTHIOURACIL^ 

E. A. SELLERS, JEAN M. HILL^ and R. B. LEE 

Department of Physiology, University of Toronto, Toronto, Canada 

I N EXPERIMENTS carried out in this laboratory benign and metasta¬ 
sizing adenomatous tumors of the thyroid gland of rats have been found 
following prolonged administration (over one year) of propylthiouracil. 
Similar results have been reported previously by other investigators with 
thiourea (Purves and Griesbach, 1947; Money and Rawson, 1947), and 
with thiouraeil (Dalton, Morris and Dubnik, 1948; Money and Rawson, 
1950). The pathogenesis of the tumors is probably related to an increased 
production of thyrotropic hormone bj'’ the anterior pituitary over a pro¬ 
longed period. The production or release of other hormones may also be 
affected, with resulting changes in other endocrine glands. 

Ferguson and Sellers (1949) found that the concurrent administration 
of iodide with thiouraeil for short periods (2-6 weeks) lessened the goitro¬ 
genic effect and resulted in th 3 '-roid glands which were 20-30% lighter than 
those produced by the goitrogen alone. They attributed this effect to the 
antithyrotropic action of iodide. This suggested that giving iodide with a 
goitrogen for a long period might affect the development of tumors pro¬ 
duced bj'^ the goitrogen. Because of the antithju’otropic activity of the 
thyroid hormone itself, and in an attempt to maintain the metabolic and 
growth rates normal, in the experiments to be described dried thyroid was 
also given with propylthiouracil, the goitrogen selected for the investi¬ 
gation. The result of this treatment was an even greater enlargement of 
the tlijo-oid gland, and in addition the occurrence of multiple adenomas of 
the anterior lobe of the pituitarj'". 

EXPERIMENTAL 

Two liundred and eighty rats of the Wistar strain, of equal se.'c distribution, bred in 
the laboratoiy, were divided into four groups and were given food and water ad libitum. 
Twenty from each group were kept in individual cages in order to follow the daily intake 
of food, and the remainder were kept in groups of ten in a cage. Each animal was weighed 
at weekl}" intervals. 


Received for publication August 22, 1952. 

1 This investigation was supported financialty b}^ the National Cancer Institute of 
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Group 0 was fuel the usual laboratory ration’ in powdered form. 

Group 1, laboratory ration plus propylthiouracil 0.02%. 

Group 2, laboratory ration plus i)ropylthiouracil 0.02% plus sodium iodide 0.02%. 
Group 3, laboratoiy ration plus propylthiouracil 0.02% jjlus dried thyroid^ 0.02% 
The rats were maintained on this regime for 15 months after which time four rats from 
each group, chosen at random, were sacrificed at weekly intervals. At necropsj', body and 
organ weights were recorded and tissues were fi.xed in Bonin’s solution or in formol- 
saline. After sectioning, tissues were stained with haematoxylin and eosin invariably, and 
in many cases with special stains for connective tissue, fat, ceroid, cytoplasmic granules, 
mast cells, etc. The pituitaries were stained with acid fuchsin, methyl blue (Wilson 1952) 
and often with Gomori’s aldehyde-fuchsin stain. (Gomori, 1950). During the e.xperiment 
the oxygen consumption of rei)rcsentativc animals was measured at intervals using the 
method previously referred to by Sellers and You (1950). The level of iodine bound to 
plasma-protein was estimated (Barker, 1951) prior to sacrifice in representative groups, 
and the total iodine content of the thj-roid (Kendall, 1920) was measured using that part 
of the gland not required for histological purposes. 

Measurement of radio-iodine uptake (R”) was carried out, and radioaiitographs were 
prepared following the method of Leblond and Gross (1948). 

Measurement of exopMIialmos 

At-necropsy, ijhotographs were taken from vcrticall}' above the head of each rat 
after removal of the skin. The pi'esence of exophthalmos was measured b}' dividing the 
distance between the points of maximum curvature on each coiaica, by the distance be¬ 
tween the malar processes. If the result was greater than 1, exophthalmos was said to be 
present; if less than 1, there was no exophthalmos. If the ratio was 1, or the angle of the 
head made measurements inaccurate, the reading was classed as “doubtful.” The results 
are shown in table 4. 

RESULTS 

. In anatyzing the data it was found that expressing the results as a 
median and range presented more information in concise form than did 
the aA'erage and standard deviation. Occasional veiy large values rendered 
the latter method unwieldy, and difficult to interpret. 

Rats which received propylthiouracil {group 1) or propylthiouracil plus 
iodide (group 2) gained very little weight during the entire experiment. 
The fur was coarse and sparse. The weight-curve of the group which re¬ 
ceived propylthiouracil plus thyroid extract (group 3) resembled that of 
the controls and at the end of the experiment the average weight was onlj^ 
slightl}'-less than the control value (Table 1). The fur was normally sleek 
in appearance. In all groups the average food intake was consistent with 
the average gain in weight, the controls, and rats receiving propylthiouracil 
plus thyroid consuming almost twice the amount eaten by the other 
groups. 

’ Fox breeder cubes. Master Feeds, Toronto Elevators Limited, containing 2.6 mg. 
iodine per 100 gm. 

* Dried th5'-roid powder containing 0.3% iodine, Parke-Davis and Companj% Walker- 
ville, Ontario. 
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Thyroid 

Weights: (Table 1). The addition of propylthiouracil to the diet caused 
a significant increase in the weight of the thyroid gland. When propjd- 
thiouracil and iodide were administered simultaneously the increase in 
weight was less than that observed ivith propyltliiouracil alone, but when 
propylthiouracil and thyi-oid extract were administered simultaneously 
(group 3), the thyroid glands were tremendously enlarged to as much as 
eighty, and on the average to twenty times the w^eight of the thyroids of 
the control animals. 

Pathology. Gross: The thyroid glands from animals of the three groups 
which had been fed propylthiouracil w'ere all enlarged to a variable ex- 


Table 1. Weights 


No. 

of 

rats 

Group 

Sex 

Body weight in grama 

Thyroid 

! weight, mg. 

Pituitary 

weight, mg. 

Adrenal 

weight, mg. 

Initial 

av. 

Final 

Median 

Range 

Median 

Range 

Median 

R.ange 

Median 

Range 

1.“) 

0 

M 

152 

399 

340-484 

30.0 

27.4- 47.4 

11.8 

9.2- 18.0 

37.9 

27.2-45.8 

14 

control 

F 

144 

275 

254-324 

28.5 

20.2- 39.0 

14.7 

10.8- 35.7 

55.6 

28.0-78.8 

20 

1 

M 

159 

191 

142-278 

97.7 

44.6- 395.2 

12.2 

7.8- 17.0 

24.0 

18.1-32.1 

17 

PTU 

F 

145 

175 

119-230 

79.8 

40.2- 508.0 

15.0 

9.0- 22.4 

24.2 

18.2-36.0 

14 

2 

JI 

106 

189 

148-211 

50.1 

27.0- 143.4 

11.0 

8.2- 15.6 

24.2 

19.2-29.0 

12 

PTU-l-I 

F 

152 

158 

108-212 

48.6 

32.0- 94.0 

15.3 

7.8-500.0 

24.8 

18.0-34.6 

12 

3 

M 

152 

340 

278-402 

517.1 

303.8- 674.1 

20.9 

10.0-164.0 

39.9 

32.4-ii4.0 

12 

PTU + Th 

F 

144 

257 

154-302 

442.2 

150.0-1000.0 

28.0 

11.0- 60.0 

68.8 

42.0-89.4 


tent. In some cases the enlargement was diffuse, regular and involved both 
lobes. In others, one or both lobes had multiple small firm nodules or an 
occasional marble-sized cystic sw^elling (Fig. 1). The color was also vari¬ 
able, although glands from groups 1 and 3 (propjdthiouracil and pro¬ 
pylthiouracil plus thyroid) were deeper red and apparently more vascular 
than glands from group 2 (propylthiouracil plus iodide). 

Microscopic; The microscopic appearance varied greatly wdthin and be¬ 
tween treated groups. Large areas (comprising most of the gland) showing 


\\ V\ V 

7}/!/ r 

Explanation of Plate I 

Fig. 1. Thyroid (\vt. 1660 mg.) and pituitary (wt. 22.8 mg.) glands. Propylthiouracil 
plus thyroid group. Th 3 Toid metastases found in lung. Note small nodule on pituitary 
(upper right, see figs. 11, 13). 

Fig. 2. Pituitary gland (wt. 38 mg.) same group. Note nodule attached to anterior lobe 
(entire left of photograph). See figs. 16, 17. 

Fig. 3. Thyroid. Small circumscribed area containing colloid. (MalloiyXdO.) 

Fig. 4. Thju'oid. Colloid "lake.” Compressed follicular cells form a pseudo-capsule. 
(H.-PE.X40.) 

Fig. 5. Thyroid. Follicular cells surrounding well-stained colloid are stratified and 
hyperchromatic. (H.-|-E. X560.) 
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hypertrophy and hyperplasia of the follicular cells, mitotic figures, budding 
of the follicular wall (with an apparent increase in number of follicles), 
vacuolation of, or more frequently almost complete disappearance of 
colloid could be found in every section. Generally these changes were ad¬ 
vanced so that the normal architecture of the gland was no longer dis¬ 
cernible. 

Frequently (in almost every gland weighing more than double the 
average weight of the normal) an area made up of large follicles containing 
well stained colloid was demarcated from its surroundings by a pseudo¬ 
capsule made up of compressed follicular cells or of fibrous trabeculae. The 
cells within such a nodule showed considerable variation in that sometimes 
tliey appeared cuboidal or even flattened, and in other sections, hyper- 
chromatic, columnar cells in layers with many mitotic figures projected 
and branched into large colloid cysts or “lakes.” Wide blood-sinuses, and 
evidence of hemorrhage into the cysts could be seen. The similarity of 

I 

some areas to the papillary cystadenomas of human thyroids was a strik¬ 
ing feature. Less frequently, circumscribed or semi-circumscribed areas, 
with little or no colloid and either vacuolated, but hyperchromatic cells, 
or anaplastic cells were evident (Figs. 3-7). 

While the size of the glands (and of gross colloid cysts) was much greater 
in the group receiving propylthiouracil with thyi’oid the presence of lo¬ 
calized colloid areas, of colloid C 3 ^sts, or of cellular adenomas was not 
restricted to any one group receiving propylthiouracil. By histological 
examination it was not possible to assign any tissue-section chosen at 
random to its correct group. 

In 3 or perhaps 4 animals (one—^group 1, propylthiouracil; 2 or 3— 
group 3, propylthiouracil plus thyroid) metastases were found seeded 
through the lungs. Tli}'Toid follicles containing colloid were found invading 
the capsule of the gland, in venules in muscle adjacent to the gland, in the 


Explanation of Plate II 

Fig. 6. Th 3 Toid. Projections from the follicular walls extend into dilated blood sinuses. 
Note the thin “stem” of the daughter follicle (center). (H. d-E. X150.) 

Fig. 7. Thjwoid. Hemorrhage has occurred into follicles. In some follicles (upper) 
necrosed follicular cells, blood pigments and colloid are present. Organization of smaller 
follicles has taken place. (H.-f E. X40.) 

Fig. 8. A follicle of thjwoid tissue in a venule adjacent to the gland. Note the intiinal 
laj^er of the vessel, the red blood cells between it and the follicle, the colloid in the follicle. 
(Malloiy X900.) 

Fig. 9. Thju'oid tissue in the submucosa of the esophagus. The epithelium (lower left) 
and muscular lajmr (upper) can be seen on either side of the thju'oid tissue. (Malloiy 
X150.) 
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submucosa of the esophagus and in muscle deep to the esophagus, in a 
branch of the pulmonary artery in the lung and in numerous alveolar 
vessels (Figs. 8-10). In seme instances the metastasizing thyroid tissue 
resembled normal gland while in* other hyperchromatism, stratification, 
and frequent mitotic figures were seen. 

Physiological and Biochemical Studies. Metabolic rates and protein- 
bound iodine: (Table 2) 

The addition of propylthiouracil to the diet resulted in a fall in the 
metabolic rate and plasma protein-bound iodine values to hypotlDuoid 
levels. In group 2 (propylthiouracil plus iodide) the metabolic rate was 


Table 2. Metabolic bate and plasma protein-bound iodine values 


Group 

No. of 
rats 

Metabolic rate 

No. of 
rats 

Protein-bound iodine 

Average MR* 
(15 months) 

% decre.Tsed 
from normal 

Median, 

ag- 

S.D. 

0 

16 

150 

0 

13 

4.63 

+ 1.17 

1 

8 

99 

34 

15 

1.93 

+ 0.61 

2 

7 

65 

57 

12 

6.93 

+ 1.53 

3 

8 

138 

8 

10 

2.55 

+ 0.62 


* Co. Oa/niin./ni^ at N.T.P. 


even lower, but the protein-bound iodine was above the control value. The 
values obtained for rats which had received propylthiouracil plus dried 
thyroid (group 3) were slightly below those of the controls. 

Radio-active iodine uptake: 

The uptake of radio-active iodine (24 hours) calculated on a basis of 
concentration per unit of thyroid tissue Avas diminished in the rats which 
had been fed propylthiouracil (group 1). The uptake was less in the rats 
which had been fed propylthiouracil plus thyroid extract (group 3) and 
least in those rats which had received propylthiouracil plus iodide (group 2). 


Explanation of Plate III 


»-> 


Fig. 10. Lung. Tli 3 ’i’oid tissue in a branch of the pulmonaiy arteiy. The muscular wall 
of the vessel is seen in the lower left, and bronchial epithelium adjacent to the arteiy, in 
the upper right, (hlalloiy X150.) 

Fig. 11. Pituitaiy (see Fig. 1). Localized areas of chromophobic cells found in man}^ 
rats of the prop 3 ’lthiouracil-th 3 Toid group. (Acid.fuchsin, metlyd blueX40.) 

Fig. 12 . Pituitaiy. Edge of a chromophobic area (right). The c 3 Toplasm of the pseudo- 
capsular cells is compressed and stains indefinitel 3 r, the nuclei are p 3 'knotic. (Acid fuchsin, 
meth3^1 blue X 500.) 

Fig. 13. Pituitaiy. A higher magnification of chromophobic area shown in Fig. 11- 
Both c 3 'toplasm and nuclei stain poorb’’, vaiy in size and shape. In the photograph red 
blood cells appear black, one basophil can be seen (upper right). (Acid fuchsin, meth 3 d 
blue X 500.) 
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Although only six animals in each group were studied, the differences 
were significant. .No significant difference existed when the calculation was 
carried out for total weight of thyroid tissue. 

Radioautographs (24 hours) showed little or no concentration in the 
three groups wdiich received propylthiouracil. The difference between 
groups, if any, could not be quantitated satisfactorily. There w^as no 
apparent concentration of iodine in the deeply stained colloid of the 
adenomas. 

Iodine content of the th 3 U’oid gland: (Table 3) 

The iodine content of the thyroid gland was very low in the rats which 
had been fed propylthiouracil (group 1). The level of iodine was higher in 


Table 3. Iodine content of thyroid 


Group 

No. of 
rats 

Iodine content 
(/Mg. per 100 nig. wet tissue) 

Iodine content 
(ng. iodine per gland) 

Median 

Range 

Median 

Range 

0 

21 

130.4 

88.4 -196.40 

46.6 

18.2 -58. 3 

1 

29 

2.41 

0.41- 11.40 

2.74 

1.08- 6.86 

2 

18 

23.68 

8.32- 39.89 

11.83 

7.20-20.40 

3 

13 

5.64 

2.60- 10.19 

27.68 

21.50-43.20 


those rats that had received propylthiouracil plus iodide (group 2). In 
the group which had been given propylthiouracil plus thjToid extract the 
iodine content of the whole thyroid was found to be onN one-third less 
than that of the controls, although the value was very low when calcu¬ 
lated per unit weight of thyroid tissue. 

Pituitary 

Weights: (Table 1). The pituitaries of the rats which had received pro¬ 
pylthiouracil (group 1) or propylthiouracil plus iodide (group 2) were no 
heavier than those of the control animals. The addition of thyroid extract 
to the propylthiouracil (group 3) caused a significant increase in the weight 
of the pituitaries. 

Pathology. Two of the pituitary glands from rats which received pro¬ 
pylthiouracil plus thyroid extract (and one, the largest of all, from a rat 
receiving prop 3 dthiouracil plus iodide) were large (pea-sized), friable and 
dark red in color. Most of the glands from this group (Figs. 1 and 2), 
although somewhat larger than usual, looked normal except that in many 
instances there were one or more small flattened reddish nodules on the 
infero-lateral surfaces of the anterior lobe. The larger of these were as 
big as a normal pituitary (rat). 

Microscopic: There was a consistent degranulation of the eosinophil 
cells in the treated groups which varied in degree from animal to animal. 
In spite of this it was usually, but not invariably, possible to find some 
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cells which contained eosinophilic granules in part of a section. Basophils 
\Yere almost always degranulatecl; and often the cells were enlarged and 
the C 3 doplasm was vacuolated. In most sections from animals of treated 
groups a considerable numl)er of vciy large cells showing extreme vacuola- 
tion of the cjdoplasm but no granulation could be seen. The staining char¬ 
acteristics of the cjdoplasm varied but usualb'^ stained pale blue with basic 
stains. 

There was a relative increase in chromophobic cells. 

In a high proportion of the propjdthiouracil plus thjn-oid group, areas 
which stained verj”- poorlj" were demarcated from normal tissue by a pseu¬ 
docapsule of compressed cells (Figs. 11, 12). These areas were made up 
of masses of “chromophobic” cells, the nuclei of which varied in size and 
appearance from small, deeplj’’ stained, almost p 3 dcnotic, to very large 
h 3 'pochromatic structures. In a few sections faint eosinophilic granulation 
could be made out in the C 3 hoplasm. The c 3 doplasm was pale, profuse 
and the cell borders were irregular (Figs. 13, 16, 17). The C 3 dogenesis 
of the cells is not clear, and in spite of the chromophobic nature of the 
cells we are inclined to believe that the 3 ’’ ma 3 ’’ have originated from chromo- 
phil cells. The evidence for this is not entirely convincing and consists of 
finding eosinophilic and less often basophilic transitional forms (Figs. 
16, 17). 

In the large hemorrhagic tumors found grossl 3 ^, the microscopic appear¬ 
ance showed chromophobic cells interspersed with numerous mast cells 
(Figs. 14, 15). No “transitional” forms were seen in these instances. Areas 
of hemorrhage and necrosis were present and these contained deposits of 
“ceroid” demonstrable by special staining. 

Adreytah 

Weights: (Table 1). The adrenals of the female rats (but not the male) 
which had received prop 3 dthiouracil (group 1) or propylthiouracil plus 
iodide (group 2) weighed less than those of the control animals. Those 
rats which had received prop 3 dthiouracil plus thyroid extract had adrenal 
glands which weighed approximately the same as those of the control 
animals. 

Pathology. The adrenal glands of most of the rats in the groups treated 
with prop 3 dthiouracil, or propylthiouracil plus iodide showed invohitionar 3 '- 
changes in the zona reticularis (Fig. 18). The addition of dried thyroid to 
the diet (group 3) prevented this involutionary change. 

Exophthalmos 

In Table 4 it is seen that a high percentage of animals receiving 
prop5dthiouracil became exophthalmic. Dried thyroid reduced the inci¬ 
dence very greatl 3 ^ but iodide was ineffective. 
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DISCUSSION 

Rats which received propjdthiouracil plus thyroid extract achieved an 
almost normal growth curve. This suggests that the depression of growth 
observed in the rats to which propylthiouracil or propylthiouracil plus 
iodide was given Avas due to a lack of thyroid hormone (Hammett, 1926) 
rather than to a direct inhibitoiy effect of proplythiouracil on the growth 
hormone of the anterior pituitary (Williams et al., 1944). 

The addition of a relatively large amount of iodide (approximately 1.5 


Table 4. Exophthalmos 


Group 

No. 

Exophthalmos 

Incidence 

Present 

Absent 

Doubtful 

(per cent) 

0 (control) 

25 

0 

24 

1 

0 

1 (PTU) 

35 

29 

4 

2 

83 

2 (PTUd-T) 

22 

17 

4 

1 

77 

3 (PTUd-Th) 

16 

3 

12 

1 

19 


mg. sodium iodide per rat per day) to the diet containing propylthiouracil 
reduced the goitrogenic effect of propylthiouracil, although the reduction 
of metabolic rate was even greater than in the group which received pro¬ 
pylthiouracil alone. 

Thyroid 

An unexpected finding was the tremendous enlargement of the thyroid 
gland when dried thyroid (approximately'- 3 mg. per day) was added to the 
diet containing propylthiouracil. This amount of thyroid had been chosen 
in an attempt to maintain the growth rate and metabolic rate wdthin nor- 




Explanation of Plate IV 

Fig. 14. Pituitaiy, Chromophobic adenoma. Variation in nuclear and cell size is ap¬ 
parent. Nuclear disintegration, extreme vacuolation of the cjdoplasm and in other sec¬ 
tions hemorrhage and necrosis are seen. The cells which appear black in photograph are 
mast cells. (Acid fuchsin, methyl blue X 500.) 

Fig. 15. Pituitary. Chromophobic adenoma. Large purple granules (black in photo¬ 
graph) cover the nuclei of cells having all the staining characteristics and appearance of 
mast cells. (Basic fuchsin—fast green X 1000.) 

Fig. 16. Pituitaiy (gross fig. 2). Chromophobic area with large vacuolated cells, 
showing no distinctive granulation, stained pale blue with basic stains. (Acid fuchsin, 
methyl blue X1280.) 

Fig. 17. Another field of same pituitar}’^ showing transitional chromophil cells. Upper 
cells (B) are basophils; lower cells (A) are eosinophilic. (Acid fuchsin, methjd blue X1280.) 

Fig. 18. Adrenal. At lower right the large pale chromaffin cells are normal medullaiy 
tissue. Approximating this area atrophied cells of the reticularis, surrounded b}' black 
reticular fibres can be seen. (Mallory X500.) 
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mal limits in spite of the continued administration of prop3dtbioiiracil. 
Both of these values were slightly lower than those of the control group but 
fell within the range of '‘normal.” Nevertheless, the size of the thyroid, 
and of the pituitary was significantly greater than in the other groups. It 
is necessary to postulate that there was some substance in the thyroid 
extract which stimulated the pituitary and the thiToid gland, or that the 
thyroid hormone supplied as dried thyroid in the diet was less than neces¬ 
sary to inhibit the pituitary, and a “hormonal imbalance” existed. Other 
evidence at hand, showing that in lengthy experiments of this nature, rel¬ 
atively large amounts of crystalline 1-thyroxine added to tlie diet are 
necessary to prevent enlargement of the thyroid, suggests that the second 
alternative is more likel 3 ^ It is possible tliat the th 3 U’oid hormone exerts a 
stimulatory function (under some circumstances) on the cells of the pitui¬ 
tary and thyroid gland. Unfortunately we have no information on the 
thyi'otropin content of the anterior pituitary under the conditions de¬ 
scribed here. The great enlargement of the t]a 3 Toid, and the production of 
metastasizing adenomas, suggest that continued stimulation of the th 3 a-oid 
gland by the thyrotropic hormone is the important causal factor (Purves 
and Griesbach, 1949; Money and Rawson, 1950). 

The spread of the tumors appears to be tlirough vascular cliannels. 
Apart from local invasion of the capsule of the gland, metastases were 
found exclusively as intact thyroid follicles in blood vessels in the thyroid, 
in venules adjacent to the thyi’oid, in branches of the pulmonaiy arter 3 ’-, 
and in alveolar vessels. No attempt was made to transplant or culture the 
tumors, but from other somewhat similar studies (Morris, Dalton and 
Green, 1951; Hall and Bielschowsk 3 '', 1949; Bielschowsk 3 '- et ah, 1949) it 
would appear that they are at least potentially malignant. 

Pituitary 

The development of chromophobe adenomas of the pituitaiy in mice 
following destruction of the thyroid by radio-iodine has been reported b 3 ^ 
Furtb (1952). As far as we know, no investigators have observed sucli tu¬ 
mors subsequent to the administration of goitrogenic drugs. Be 3 '’ond com¬ 
pression of the base of the brain, not even the largest showed evidence of 
infiltration of adjacent tissue, or metastatic spread. The tumors were 
made up of chromophobic cells of veiy variable size interspersed witli mast 
cells. Areas of hemorrhage and necrotic tissue (containing ceroid) were pres¬ 
ent in the larger ones. It has alread 3 '' been observed that in our opinion 
this staining characteristic does not necessarily mean that they arose from 
chromophobe cells. Indeed our present Anew tends to oppose this. 

The metabolic rate and protein-bound iodine were lower in the group 
receiving propylthiouracil than in the controls. The lower metabolic rate 
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obtained wlien iodide was given in addition to propylthiouracil is difficult 
to explain but is ijcrhaps related to the relatively high dose level of iodide. 
The higher value obtained for the protein-bound iodine in this group prob¬ 
ably reflects the higher intake of iodide and has Ijeen observed by others 
(Barker, 1948). In the group receiving thju-oid the protein-bound iodine 
value was lower than normal, which supports the hj''pothesis that the 
amount of th.yroid given was inadequate to replace that normalh’’ supplied 
b}" the gland. 

Iodine content of the thyroid 

The low iodine content of the tlDu-oids from animals which received 
propylthiouracil, and the absence of concentration of iodine shown by 
radioautographj’- was not une.xpected. The differences between groups (in 
iodine content) are appreciable but cannot be explained satisfactorily from 
available information. The finding of granular eosinophil cells in the pitui- 
taries of all the treated groups would impl}’' (Purves and Griesbach, 1947) 
that thjToidal or extrathjToidal production of some thyroid hormone was 
taking place in both tlie propylthiouracil and prop 3 ''lthiouracil plus iodide 
groups. If such were the case, differences in iodine take-up and content 
might be expected with the differing treatments. 

Exophthalmos 

The production of exopthahnos in rats bj"- feeding propylthiouracil has 
been reported previouslj’’ (Sellers and Fei'guson, 1949). This finding which 
occurred in a high proportion of the animals treated with propjdthiouracil, 
or prop 3 dthiouracil plus iodide, was much less common in those animals 
which were given dried th 3 Toid. Without knowing the amounts of thyro¬ 
tropin produced or released it is not possible to comment on its possible 
role in the causation of exophthalmos. From the size of the th 3 Toid glands, 
one would assume that the amount of th3Totropin available was large. 
Nevertheless, administered th 3 Toid effectively prevented the exoph¬ 
thalmos. 

SUMMARY 

For a period of 15 months or more Wistar rats were fed the usual labora¬ 
tory ration supplemented with (1) propylthiouracil, 0.02%, (2) propyl¬ 
thiouracil plus 0.02% sodium iodide, (3) propylthiouracil plus 0.02% 
dried th 3 Toid. 

Growth and metabolic rates were much lower than normal with propyl¬ 
thiouracil or propylthiouracil plus iodide but were nearly normal with 
prop 3 dthiouracil plus thyroid. 

The th 3 ’Toid glands were enlarged greatly in the three treated groups; 
the differences in gland size between each group (including the control) 
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were significant. The thyroids of rats which received iodide showed tlie 
least enlargement and those of rats which received dried thyroid with 
propylthiouracil the greatest (up to 80 times normal). 

Histologicall 3 '', in addition to the hyperplasia and disappearance of 
colloid typical of propylthiouracil administration, circumscribed areas 
of large follicles containing colloid were present. The cellular detail and ap¬ 
parent "activity” in these adenomas varied greatly. The particular treat¬ 
ment did not appear to control the type of adenoma produced. The radio¬ 
iodine uptake was low in treated groups. There was no apparent con¬ 
centration of iodine in the deeply stained colloid of the adenomas (24 hour 
radioautographs). 

In 3 or perhaps 4 cases metastatic thyroid tissue was found in the lungs. 
Spread was by vascular channels as metastases were found in venules of 
thyroid, esophagus, muscle, and in a branch of the pulmonary artery. 
No attempt at transplantation or culture was made. 

The pituitaries of rats receiving propylthiouracil plus thyroid were signif¬ 
icantly heavier than those of other groups. Single or multiple "chromo- 
phobic” adenomas occurred frequently in this group. 

The eosinophils of the pituitaries of all treated groups were incompletely 
degranulated. Generally tlie basophils were degranulated, large and vacuo¬ 
lated. 

It is suggested that the tremendous increase in size of the thyroid gland, 
the great enlargement and adenomas of the pituitary, in the prop 3 dthioura¬ 
cil plus thyroid group may be ascribed to a hormonal imbalance rather 
than to some unknown substance in the dried thyroid. The thyroid hor¬ 
mone itself may exert some stimulating function on the cells of the pitui¬ 
tary and thyroid. 

Exophthalmos occurred in most (about 80%) of the rats receiving pro¬ 
pylthiouracil or propylthiouracil plus iodide. It occurred in about 20% 
of those receiving propylthiouracil plus th 3 a’oid. 

The adrenal glands of female rats receiving propylthiouracil, propyl¬ 
thiouracil plus iodide, but not propylthiouracil plus thyroid, were signifi¬ 
cantly lighter than those of the controls. Histologically the reticularis 
showed involutionary changes. 
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From The Departments of Biochemistry, and Obstetrics and Gynecology, School 
of Medicine, Western Reserve University, Cleveland, Ohio 

I N 1926 Hisaw first demonstrated experimentally the relaxation of tlie 
pelvic ligaments of guinea pigs during estrus following the injection 
of blood serum from pregnant rabbits. Later work indicated a specific 
hormone, designated as relaxin, was responsible for the looseness of the 
symph 3 "sis pubis, since the effect was also observed following injection 
of extracts of sow corpora lutea into castrated guinea pigs provided the 
animals were pretreated with estrogen. Since that time, most of the ex¬ 
perimental work on relaxin has been based upon bioassaj'-s Avith this all- 
or-none pelvic looseness endpoint determined by manual palpation. Dur¬ 
ing this assay procedure, the possibility of traumatizing the loosened tissue 
of the pubic symphj'-sis or exaggerating the hormone-induced separation 
cannot be excluded. The radiographic measurement of the inter-pubic 
gap would seem desirable because not onl}’- Avould this provide an objectNe 
record but the determination of the actual interpubic distance might pro¬ 
vide a more sensitive assay. Hall (1947) and Talmage and Hurst (1950) 
have employed dental x-ray machines to demonstrate relaxin activity but 
few details of the actual technics employed have been published. Talmage 
and Hurst attempted to refine the conventional guinea pig assaj'’ by sub¬ 
stituting radiographic measurements for manual manipulation. However, 
the variability of response of individual animals was so great that these 
investigators concluded the assaj'- would be impractical. The use of x-raj^s 
to determine separation of the pubic sjunphj^sis seems justified because 
Hall (1947) has shoAvn that in untreated pregnant mice the time of be¬ 
ginning of pubic separation coincides within a day or two with the first 
histological evidence of relaxin effects on the pubic tissues. 

This paper represents an attempt to develop a more reliable bioassay 
for relaxin employing mice with radiographic evaluation of the response. 

EXPERIMENTAL 

Swiss albino virgin mice^ were employed after ovariectomj^ except in 
later trials Avhen intact immature females were emplojmd. After a five- 

Received for publication June 17, 1962. 

* Present address: Tlie AVorcester Foundation for E.xperimental Biolog}', Shrews¬ 
bury, Massachusetts 
1 Albino Farms. 
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day postoperative period, eacli animal received daily inti-aperitoneal in¬ 
jections of 1.0 jug. estradiol benzoate in corn oil, visually for a total of eight 
days. Tliis procedure was varied in .some experiments as will be indicated. 
During the experiments where relaxin was injected over a period of mere 
than one day, the estrogen injections were continued on a dailj'^ basis. 

In order to standardize the positioning of the animal for radiography as 
well as to remove the operator from the area of harmful radiation, the 
holder, illustrated in Figure 1, was constructed.- In use, the lower abdomen 
of the mouse rests directly upon the film. The cephalic edge of the film is 
tilted upwards into the belly of the animal to approximate a right angle 
with the x-ray beam. The film left projecting from the rear of the holder 
convenientlj’’ is used for placing the lead numerals to identif}’^ the individual 
negatives. For the accurate radiographing of the inter-pubic gap, the x-ray 
beam must strike the sjuuphj'sis sagitall}'^ and, in order to avoid the 
vertebral and tail bones, from some angle below the vertical. After the 
animal’s hindquarters are fixed in the holder with the hinged restrainer 
bar, the tail is pulled upward and forward and wedged into the forked 
holder. This motion tilts the entire pelvis and tends to closely approximate 
the sjTuphysis against the film. The focal spot of the x-ray tube was at 
least 35 cm. from the animal so that the image on the film could be as¬ 
sumed to represent the actual bony separation. Measurements obtained 
under these conditions agree closely with figures published by Hall (1948). 

It was found that the consistent production of sharp radiographs which 
permitted accurate measurements was difficult. The x-rays pass through 
approximatelj^ 10-12 cm. of soft tissue and careful exposures were neces¬ 
sary to produce sufficient contrast with the thin bony parts for accurate 
visualization of the pubic gap. Since the sole aim of the x-ray technic was 
the production of an objective record of the separation of the pubic bones, 
the use of high kilo voltages, customarilj'- emploj^ed in routine medical 
radiographic work to bring out detail, resulted in films with such gradual 
density transitions across the pubic symphysis that the precise placing of 
the caliper points was impossible. The quality of radiographic image re¬ 
quired was the short-scale, high contrast type. The x-ray machine available 
for this work was a General Electric Portable, h'lodel F, with a 10 milliam- 
pere capacity and a constant output of 63 kilovolts. By interposing a 


- The holder was made from 0.250" sheet of Plexiglass with the hinged restrainer 
bar bent to shape b}' the cautious application of heat. An ordinal-}' snap fastener of the 
t 5 'pe usually employed on canvas awnings was used to keep this bar fastened down when 
m use. The film slot was built up of wedge-shaped pieces to position the dental films 
approximately 20° from the horizontal. Two thin rabbeted pieces were cemented to the 
edges of the inclined wedge to accommodate dental films inserted with the long diameter 
parallel wth the holder. 
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injecting the animals twice per day it was found that an 8-16 hour schedule 
was equivalent to a 12-12 hour schedule, and when injections were con¬ 
tinued for periods up to nine days the maximum separation occurred at 
2-5 days with increasing variable receptivity to relaxin. Therefore an assaj^ 
period of 48 hours was selected as representing the time of optimal re¬ 
sponse. In an additional experiment the pubic response to four doses of 
relaxin administered at 12-hour intervals was compared to that of six doses 
given at 8-hour intervals. The data are presented in Figure 2. The total 

TOTAL DOSE ^ LO GP^/mOUSE 

•=OBSERVATIONS EVERY 12 HOURS 



HOURS AFTER FIRST DOSE 

Fig. 2. 

amount injected in each group was 1.0 G.P.U. per daj^ and no significant 
difference was apparent. Therefore an 8-16-8-16 hour, twice per day for 
48 hours, injection schedule for all assays was adopted. 

In a few experiments, treating the mice with ACTH, cortisone, proges¬ 
terone, or desoxycorticosterone in addition to estrogen and relaxin resulted 
in no increment in response. Control groups pre-treated with estrogen and 
injected with saline showed no response. 

Before each assay, a control radiograph was taken immediatel}'' prior to 
the relaxin injection. The average pubic separation of both ovariectoinized 
and intact, immature female mice, as determined after estrogen pretreat¬ 
ment but prior to relaxin administration, ranged from 0.32 to 0.35 mm. 
About 15% of the ovariectomized animals had an initial pubic separa¬ 
tion of over 0.5 mm., and although experience showed that these partic- 
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iilar animals responded with an equal or greater relative separation 
than the remaining animals, {.hey were arbitrarily discarded in order to 
reduce assay variation. 

The pubic responsiveness to relaxin was not influenced by the age at 
which ovariectomy was performed between 30 and 73 days of age. No 
significant difference in response could be detected between the following 
vaiying conditions: Administration of estrogens subcutaneously and of 
relaxin intraperitoneally, both hormones administered subcutaneously, and 


T.\nLE I. I.VFI.UK.N’CE OF NU.MnER OF DAVS OF ESTROGEN PRETREATMENT ON 
PEEVIC RESPONSE TO RELA.XIN 

Injection—obscrv.ntion schedule: 

llelaxin injections—2 per day for 2 days. 

Observations—Pre-relaxin, 24 hours and 4S hours post-rclaxin. 

Estrogen—1 /ig./d.ay estradiol bcnzo.atc in corn oil. 

Relaxin—0.5 G.P.U'./day. 


No. of estrogen 
inj. before re- 
hixin treatment 

No. of 
mice 

Mean 
weight 
gm. +S.E. 

Pelvic separation 

Pre-rclnxin 

mm. 

Post-rclaxin 

24-hrs. 

mm. 

Post-relaxin 

48-hrs. 

mm. 

4 

IG 

2S+0.5 

0.33+0.01 

0.50+0.G6 

0.74±0.07 

5 

30 

2S +0.5 

0.32±0.01 

0.53±0.05 

0.74±0.06 

0 

7 

30+0.9 

0.34+0.02 

0.5C±0.11 

0.76±0.21 

G 

IG 

29+0.7 

0.32+0.01 

0.4S±0.07 

0.65±0.10 

G 

15 

2G+0.4 

0.3G+0.02 

0.49±0.04 

0.65±0.0S 

6 

IG 

2S+0.7 

0.35+0.01 

0.50±0.04 

0.68+0.08 

7 

9 

28 + 1.0 

0.32±0.01 

0.45±0.03 

0.59+0.09 

S 

15 

27±0.S 

0.33±0.02 

0,.46 ±0.05 

0,67+0.10 


finally the estrogen administered intrapei-itoneally and the relaxin sub¬ 
cutaneously. 

Estrogen pretreatment was varied from four to eight days as illustrated 
in Table 1. No significant difference in response could be observed. 

An attempt was made to use the male mouse for the assay. As Table 2 
illustrates, no significant pelvic response could be elicited even when doses 
as high as 1.2 G.P.U. per day were administered. 

Attempts to establish dose-response curves are recorded in Tables 3 
to 6. In Table 3 the response of increasing doses of relaxin from 0.15 
G.P.U. to 0.60 G.P.U. per day was studied with an estrogen pretreatment 
period of six days. As little as 0.15 G.P.U. total dose produced a significant 
response in 24 hours, but when the dose within the day period, was in¬ 
creased to 0.30 or 0.60 G.P.U. only small increments in response were 
apparent. When the assay was run for two days, a relatively large differ¬ 
ence between 0.15 G.P.U. per day and 0.30 G.P.U. per day was found. 
Increasing the dose to 0.60 G.P.U. per day in the two-daj'' assay did not 
result in a significant increase in response. The data were also used in a 
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2X2 design according to Bliss (1944). Nine animals were used at each con¬ 
centration of 0.15 and 0.30 G.P.U. per day. A potency ratio of 126.6% was 
found. The error at P = 0.95 was +252% and —63%. The t value was 
0.640 and the index of X w^as equal to 0.426. 


Table 2. Male mouse pelvic response to relaxin 
Injection—observation seliedule: 

Days 1234567 <S 9 

Treatment E*EEEEEEE 

R** 11 

Observation 0 0 0 


Amount of 
relaxin 
G.P.U./day 

No. of 
mice 

Mean 
weight 
gm. +S.E. 

Da3' 7 
pre-relaxin 
mm. 

Daj' 8 
post-relaxin 

24 hrs. mm. 

Day 9 
post-relaxin 

48 hrs. mm. 

0.15 

13 

2S±0.7 

0.32+0.01 

0.32+0.01 

0.32+0.01 

0.30, 

15 

26+0.6 

0.32+0.01 

0.33+0.01 

0.34+0.01 

0.60 

16 

28+0.6 

0.32+0.01 

0.36+0.02 

0.46+0.05 

1.20 

20 

29±0.7 

0.30±0.01 

0.34+0.01 

0.34±0.01 


*E=Estradiol benzoate in corn oil 1 pg./day. 
**R = Chilcott Releasin 31-SlD SF. 


Table 3. Mouse pelvic response to rela.xin 
Injection—observation schedule: 

Daj's 123456789 

Treatment E*EEEEEEE 

R** R 
R R 

Observation 0 0 0 


Amount of 
relaxin 
G.P.U./day 

No. of 
mice 

Mean 
weight 
gm. +S.E. 

Day 7 
pre-relaxin 
mm. 

Day 8 
post-relaxin 

24 hrs. mm. 

Day 9 
post-relaxin 
4-hrs. mm. 

0.15 

19 

28+0.5 

0.33+0.01 

0.41 +0.03 

0.57+0.04 

0.30 

30 

28+0.6 

0.33+0.01 

0.53 + 0.05 

0.91 +0.10 

0.60 

13 

31 +2.4 

0.33+0.02 

0.55±0.10 

0.93+0.12 


* E = Estradiol benzoate in corn oil 1 /jg./day. 
** R = Chilcott Releasin 31-81D SF. 

Data of Daj"^ Nine. 

X = 100 dose per dajL 
r = 1.16 (A’-1.36)-0.78. 

Doses from 0,15 to 0.30 G.P.U./day. 


Additional dose-response data are presented in Tables 4, 5, and 6. 
In Tables 4 and 5, immature intact female mice w'^ere used in place of 
ovariectomized animals. When two doses of estrogen were employed daily 
(Table 5) a reasonably linear response w'-as observed over the range 0.05 
to 0.50 G.P.U. per daju With one dose of estrogen per dajq the useful range 
was 0.05 to 0.25 G.P.U. per day. 

Table 6 summarizes the dose-response data using ovariectomized fe¬ 
males with an estrogen pretreatment period of five days. The slope of 0.60 
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is favorable and the useful range appears to be between 0.10 to 0.80 G.P.U. 
per day. 

Tlie utility of the method (see Table 6) was further tested by the 
simplified 2X2 design of Bliss. Two concentrations of each of the unknown 

TaDI.E 4. l{i:i.AXI.\ l.\ IMMATURE, INTACT FEMALES (2S DAYS AT START) 

Injection—obsorv.ation sclicclulc: 

Days 1 2 3 4 5 0 

Treatment E* E E E E E 

R»* R 
R R 

Observation 0 0 0 


.tmount of 
relaxin 
G.P.U./d.ay 

Ko. of 
mice 

Moan 
weight 
gm. +S.E. 

IVdvic separation 

Day 6 
post-relaxin 
mm. 

D.ay 4 
Iirc-rclaxin 
mill. 

Day 5 
jiost-relaxin 
nim. 

0 

8 

16+0.0 

0.34+0.01 

0.34 +0.01 

0.34+0.02 

0.05 

13 

IS +0.5 

0.35+0.01 

0.40±0.02 

0.38+0.03 

0,10 

14 

17+0.4 

0.32+0.01 

0.48+0.04 

0,51 ±0.06 

0.25 

17 

10±0.7 

0.36+0.01 

0.53 +0.05 

0.61 +0.05 

0.50 

18 

1C±0.C 

0.33±0.01 

0.47+0.03 

0.56±0.05 


* E = Estradiol aqueous. 

** R=Chilcott Rcleasin 31-81D SF. 

Data of Day Six 

A' = 100 (dose per day). 

Y=0.57 (X = 1.07)+0.31. 

Doses from 0.05 to 0.25 G.P.U./day. 


Table 5. Mouse pelvic response to relaxin in imaiature, 
INTACT, females (28 DAYS AT START) 


Injection—observation schedule: 
Day 1 2 3 

4 

5 

6 

Treatment E* E E 

E+R** 

E+B 


E E E 

E+R 

E+R 


Observation 

0 

0 

0 


.'Vmount of 
relaxin 
G.P.U./day 

No. of 
mice 

Mean 
weight 
gm +S.E. 

Day 4 
pre-relaxin 
mm. 

Day 5 
post-reia.xin 
mm. 

Day 6 
post-relaxin 
mni. 

0.05 

21 

17+0.4 

0.32+0.01 

0.34+0.01 

0.37+0.01 

0.10 

IS 

17+0.8 

0.32±0.01 

0.40±0.03 

0.50+0.06 

0.25 

20 

17+0.04 

0.33±0.01 

0.53±0.05 

0.71 ±0.07 

0.50 

40 

17+0.04 

0.35+0.01 

0.69±0.06 

0.84+0.08 


* E =Estradiol aqueous. 

** R = ChiIcott Releasin 31-SlD AF. 
Data 6 

X = 100 (dose per day). 

T =0.412 (A”-1.30)+0.65. 

Doses from 0.05 to 0.50 G.P.U./day. 


and standard were 0.25 and 0.50 G.P.U. per day. Since the same material 
was used for both the unknown and the standard, the theoretical potency 
ratio was 100. When ten animals were used at each concentration for both 
unknown and standard a potency ratio of 77% was found. The t value for 
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significance of difference of slopes was 0.915 showing that the slopes were 
not significantly different, and at P = 0.95, the expected error determining 
the potency ratio was —49% and +96%. When the number of animals 
was increased to 16 in each group, the potency ratio was found to be 


Table G. Mouse pelvic response to relaxin 
Injection—observation schedule 

Days 1 2 3 4 5 G 7 8 

Treatment E* E E E E E E 

R** R 
R R 

Observation 0 0 0 


Amount of 
relaxin 
G.P.U./day 

No. of 
mice 

Mean 
weight 
gm +S.E. 


Pelvic separation 


Day G 
prerelaxin 
mm. 

Day 7 
post-relaxin 

24 hr. mm. 

Day S 
post-relaxin 

48 hr. mm. 

0 

21 

29+0.G 

0.30±0.01 

0.33+0.03 

0.29+0.01 

0.10 

17 

27+0.5 

0.30+0.01 

0.33+0.03 

0.37+0.05 

0.25 

19 

2G+0.G 

0.31 +0.01 

0.42+0.04 

0.50+0.05 

0.50 

30 

28+0.5 

0.32+0.01 

0.53+0.05 

0.74 + 0.06 

O.GO 

21 

30+0.G 

0.33+0.01 

0.49+0.06 

0.77+0.09 

0.80 

12 

31 +0.5 

0.30±0.01 

0.76+0.14 

1.03+0.13 

1.00 

7 

28+0.9 

0.37+0.02 

0.66+0.10 

1.10±0.20 

4.00 

9 

28+0.G 

0.33±0.02 

0.87+0.18 

1.20±0.24 


* E = Estradiol benzoate in corn oil—1 fig./day. 
** R = Chilcott Releasin 31-81D SF. 

Data of Day Eight 
Z = 100 (dose per day). 

F=0.66 (A'-1.57)+0.GS. 

Doses from 0.10 to 0.80 G.P.U./daj'. 


91.5% and the error at P = 0.95 was —35 to +55%. The index of precision 
X wms equal to 0.375. The t test for differences between slopes was 0.673 
wdiich means that the slopes of unknowm and standard -were not signifi¬ 
cantly different. 


DISCUSSION 

One of the major advantages of emplojdng mice for the bioassay of 
relaxin, aside from the obvious advantage of housing small animals, is that 
the animals are used only once and then discarded. In this way the sensi¬ 
tivity of the assa}'- animal tends to be constant and the sensitizing effects 
of previous courses of estrogen and relaxin are avoided. The effect of em¬ 
ploying the same animals for more than a single assay was effectively 
demonstrated when a group of nine animals ■were given the usual assay 
treatment of six daj^s pre-treatment with estrogen plus tivo days estrogen 
and relaxin at 0.5 G.P.U. per da3^ The mean pubic separation increased 
from 0,33 mm. ± 0.02 to 0.86 mm. + 0.15. After a five daj'' rest period these 
animals were again used. This time the mean pubic separation was 
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0.84 + 0.17 at zero hours and increased to 1.44 + 0,24 at the end of 48 
hours. This tendencj'- to increased sensitivity to estrogen and relaxin fol¬ 
lowing a previous pregnancj'^ or assay use has been observed by various 
workers and represents a serious drawback in the conventional guinea pig 
assay where the animals are used repeatedlj’’ without a rest period of at 
least 7 to 10 days. 

Talmage and Hurst (1950) attempted to refine the traditional guinea pig 
palpation assay by the radiographic measui'ement of the interpubic dis¬ 
tance, but apparentl}’' the guinea pig pelvis separates less than 50 per cent 
over the resting gap as determined by these workers radiographically. 
According to their published figures the average interpubic distance deter¬ 
mined before relaxin administration among their assay animals was be¬ 
tween 0.75 and 1.0 mm. Following the injection of relaxin, there was an 
average increase of approximately 0.5 mm., but the great variabilitj'' of 
response not only between individual animals, but between similar doses 
in the same animal, was so large that these observers concluded at least 
50 animals at each of three dose levels would be necessary to provide a 
valid assay. They also oljserved a failure to return to the pre-relaxin meas¬ 
urement in about 10 per cent of pigs used for repeated assays, and a sig¬ 
nificant number of pigs repeatedly employed for relaxin assay sooner or 
later became permanently relaxed and had to be discarded. 

The superioritj’’ of mice as compared to guinea pigs for relaxin assay is 
undoubtedlj'- related to the dramatic separations which can be produced 
in the mouse by artificial means. Although we were unable to completely 
reproduce the separations observed in normal pregnant mice, this objec¬ 
tive was more nearly attainable in mice than in guinea pigs. When 10 
G.P.U. of relaxin were administered daily in two divided doses for eight 
days, the pubic gap increased from 0.29 mm. +0.02 to 2.49 + 0.30. This 
was the maximum increment in pelvic gap produced by relaxin, and repre¬ 
sented more than 800 per cent of the resting gap. It is probably true that 
the pubic separation occurring in pregnant mice undoubtedly represents 
an optimal hormonal environment culminating in a peak separation at 
term. Hall (1946) has shown that injections of estrone and/or progesterone 
into intact pregnant mice do not increase the observed separation. 

In most of the experiments presented in this paper the mice were selected 
for assay on the basis of body weight. These animals were therefore of 
different ages and in order to determine the effect of age upon the individ¬ 
ual sensitivity to relaxin, several experiments were performed with groups 
of animals of various known ages (30 to 73 days). No consistent effect 
attributable to age could be ascribed and at this time the effect of age 
prior to ovariectomy cannot be evaluated. 

Recent work has been with unoperated intact immature female animals. 
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The pre-relaxin baseline separation in these animals, as compared with 
ovariectomized mice, was relatively more constant and only an occasional 
animal was discarded because the gap measured over 0.5 mm. This assay 
technique is apparently practical and although the maximum response 
seems less than with ovariectomized animals, an attempt is being made to 
determine its possible value. 


SUMMARY 

A sensitive, convenient and practical bioassay for relaxin is presented , 
employing mice, with radiographic measurement of the pubic separation. 
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BIOCHEINIIGAL PROPERTIES OF FRACTIONS OBTAINED 
- FROM RAT ANTERIOR PITUITARY 
GLANDS BY DIFFERENTIAL 
CENTRIFUGATION! 

W. H. McSHAN, ROSE ROZICH and ROLAND K. MEYER 

Department of Zoology, University of Wisconsin, Madison 

T he biocliemistry of the nuclear, mitochondrial, microsomal and 
supernatant fractions isolated by differential centrifugation from rat 
and mouse liver has been studied extensively during the past few years. 
Particular attention has been given to the distribution of the oxidative 
enzjTnes and nucleic acids among these fractions. Respiratory enzymes 
sucli as cjdochi’ome o.xidase and the succinoxidase s3’’stem have been 
found to be associated witli the mitochondrial fraction (Schneider, 1946; 
Hogeboom et al., 1946 and 1948). The microsomal fraction contains feAV 
enzjTnes but as mucli as 50% of the pentosenucleic acid of liver tissue 
(Hogeboom et al., 1948; Schneider et al., 1950.) The results of studies of 
this nature have been summarized bj’’ Schneider and Hogeboom (1951). 

Little attention has been given to the biocliemical and hormonal proper¬ 
ties of fractions of endocrine tissues isolated by differential centrifugation. 
Approximately 60% of the succinoxidase activity of rat anterior pitui¬ 
tary glands, however, has been i-eported to be associated with a large 
granule fraction (MeShan and Meyer, 1949), and 75% of the gonado¬ 
trophic hormone activity witli a small granule fraction (MeShan and 
Meyer, 1952). The purpose of this paper is to describe a study of the 
gonadotropliic hormone activity of fractions obtained from anterior pitui¬ 
tary glands of adult normal and castrate rats as related to the succin¬ 
oxidase, glycolytic and transaminase activities; the desoxypentose-nucleic 
acid (DNA) and pentosenucleic acid (PNA); and the nitrogen or protein 
contents of these fractions. 

MATERIALS AND METHODS 

The anterior pituitary glands of normal and castrate adult female rats of the Holtz- 
man-Rolfsmeyer strain were used for fractionation. The minimum time of castration be¬ 
fore using the animals as donors was three weeks and the maximum time was six months. 

Received for publication August 29, 1952. 

* Supported in part by a grant from the Research Committee of the Graduate School 
from funds supplied by the Wisconsin Alumni Research Foundation, and by a research 
grant 0-1091(3) from the National Institutes of Health, Public Health Service. 
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The use of rats for experiments of this kind is advantageous as the glands can be re¬ 
moved and homogenized within a few minutes after the animals are killed. This allows 
little time for tissue changes to occur. 

Groups of 100 to 150 rats were used for each run. The pituitary glands were removed 
in the cold room immediately after killing the animals, and kept in a humidor during the 
short time required to complete removal of all the glands. The anterior lobes w’ere sepa¬ 
rated, weighed and macerated in a sharp pointed homogenizing tube with 0.88 M su¬ 
crose. The volume of the sucrose in milliliters was 19 times the weight of the glands in 
grams. The homogenates were prepared by mashing the glands instead of grinding since 
less gonadotrophin is found in the supernatant fraction when the former procedure is fol¬ 
lowed (McShan and Meyer, 1952). 

The homogenates (WH) were differentially fractionated in the multispeed head of an 
International refrigerated centrifuge at 2° C. by centrifuging at 275, 4,400 and 20,400 g. 
to give, respectively, the nuclear (NF), large granule (LG), small granule (SG) and 
supernatant (S3) fractions according to the procedure of McShan and Meyer (1952). The 
saline extract of the SG fi-action was indicated bj'^SGE and the extracted granules b 3 'SGR. 

The homogenates and fractions were assajmd for gonadotrophic hormone activity by 
use of 21 daj^ old female rats of the Holtzman-Rolfsmejmr strain. The volumes of the 
fractions were adjusted with normal saline so that each rat received a total of 20 mg. 
equivalent of fresh tissue in nine injections of 0.5 ml. each. The first injections were 
made on the afternoon of the first da}"^ followed bj' injections on the morning and after¬ 
noon of the next four days. Autopsy was performed on the morning following the last 
injection. The ovaries were removed, dissected free of other tissues, and w'eighed. The 
presence of follicles and corpora lutea was recorded. 

The homogenates and the fractions were stained for mitochondria by use of fast green 
FCF as reported bj’’ Harman (1950) and the nitrogen determinations wmre done by a 
modification of the micromethod reported bj' Johnson (1941). 

The procedure for the preparation of filtrates for the nucleic acid determinations was 
based on the method reported b}^ Schneider (1945a). The exact procedure emplo 3 md was 
as follow's: The sucrose homogenates and fractions were mixed w'ith one-half volume of 
20% trichloracetic acid (TCA), centrifuged at 2,500 RPM in the cold (2° C.) and 
the supernatant liquid decanted. The precipitates were suspended in 1 to 2 ml. of w’ater 
to w'hich w'as added an equal volume of 10% TCA follow'ed by centrifugation. The 
supernatant liquid w'as decanted and the precipitates w'ere w'ashed once more with 5% 
TCA. 

The above precipitates w'ere suspended in 1 ml. of water to which w'as added 3 ml. of 
95% ethyl alcohol. This mixture w'as centrifuged at room temperature followed by 
decantation of the supernatant liquid, and a second w'ashing with alcohol. 

The alcohol precipitates w'ere mixed w'ith 3 ml. of 3:1 eth 3 d alcohol (95%)—ether 
mixture, centrifuged and the supernatant liquids decanted. The precipitates w'ere 
mixed w'ith 2 to 5 ml. of 5 per cent TCA depending on the amount of tissue and heated 
at 90° C. for 15 minutes, centrifuged and the clear TCA extracts decanted into graduated 
15 ml. centrifuge tubes. The precipitates w'ere w'ashed once w'ith 1.5 ml. of 5% TCA, 
and centrifuged. The w'ashings were mixed with the above extracts and the total volumes 
were recorded. 

The PNA content of the above TCA extracts w'as determined b 3 ' the orcinol method 
of Mejbaum (1939) as recommended b 3 ' LePage and Umbreit (1945). DNA was de¬ 
termined b 3 ' the diphen 3 'lamine reaction of Dische (1930) as modified b 3 ' Schneider 
(1945). 
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As a basis for calculating the amounts of DNA and PNA present in the homogenized 
tissues and fractions certain analytical constants for purified samples of these acids were 
determined according to Schneider (1945a, 1945b). Constants found for the Beckman 
jModel DU spectrophotometer were Fa =0.0IS7S (diphenylamine), Fo = 0.1344 (orcinol), 
and C = 0.01216. These constants were used for calculating the results since the determi¬ 
nations were made with the Beckman instrument. The percentage values used for phos¬ 
phorus were 0.0954 for PNA and 0.0992 for DNA. A sample calculation using constants 
for the Evelyn colorimeter is given in the report by MeShan, ct al. (1950). 

The succino.vidase was determined by the method of Schneider and Potter (1943), an¬ 
aerobic glycolytic activity by the method of NovikofI, Potter and LePage (1948), and 
transaminase activity by the method of Ames and Elvehjem (1946) as modified by 
Copenh.aver, Shiplej’ and i\Ie 5 ’er (1951). 

RESULTS AND DISCUSSION 

The results of the biochemical studies of anterior pituitary tissue from 
normal and castrate female rats are summarized in Table 1. The gonado¬ 
trophic hormone activit}’’ of glands from castrate rats was much greater 
than that of tliose from normal animals, and the major part of the activity 
of both kinds of glands was recovered in the small granule (SG) fraction. 
Essentiallj'- all the gonadotrophin in the SG fraction of castrate females 
was removed b}' extracting eight times with 0.9% NaCl solution. This 
extract was designated as SGE. The extracted granules (SGR), and 
the NF and LG fractions contained little activitj’’ whereas the final super¬ 
natant fraction S3 contained gonadotrophic activit}’^ sufficient to produce 
ovaries that had an average weight of 65 mg. 

Essentially all the DNA of the glands from normal and castrate rats 
was recovered in the nuclear fraction (NF). The DNA per whole gland 
was 71.2 ng. for normal and 70.0 ng. for castrate glands (Table 2). On the 
basis of the assumption that the DNA content of the pituitar}'- cells is 
constant (Boivin et al., 1948; Swift, 1950), the castrate glands contained 
about the same number of cells per unit weight as the normal glands. 
The average weight of the anterior pituitary glands was 10.4 mg. for normal 
and 11.1 mg. for castrate rats. The ratio of gland weight to weight of DNA 
per gland was 146 for normal and 159 for castrate animals. This ratio is an 
expression of relative cell weight and, on the assumption that the specific 
gravities are the same, it indicates that at least some cells of the castrate 
glands were larger than those of normal glands. This is supported by the 
well known fact that the basophils undergo hypertrophy after castration. 

The protein values are given in terms of mg. of protein per 20 mg. cf 
fresh tissue (Table 1). These values for protein (NX6.25) are equivalent 
to the total nitrogen of the various fractions and are, therefore, maximum 
values since a small amount of nonprotein nitrogen was presumably pres¬ 
ent. The protein value for WH of glands from normal rats was 15% 
greater than was that for castrate animals. The values for the LG, SG and 



Table 1. Biochemical propekties of fractions obtained from homogenates of normal and castrate adult female rats 
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Table 2. Desoxvi’BiVtose xircLEic acid content op nokmal and castrate 

RAT ANTERIOR PITUITARY GLANDS 


Kind of rats 

Normal 

Castrate 

DNA per 100 gm. tissue (mg.) 

085.2(5) ‘ 

630.4(5) 

Weight of gland (mg.) 

10.4(708)= 

11.1 (958) 

DNA per gland (i<g.) 

71.2 

70.0 

Gland weight (ng.)/DA'A per gland (ng.) 

140.0 

159.0 


* Number of dctcrmiimtions on which average value is based, 
- Number of rats on which average is based. 


SGE fractions of glands from normal animals were slightly greater than 
the I'ahies for these fractions of glands from castrate rats. More extractable 
protein (SGE) was associated with the SG of normal than with those of 
castrate glands, but tlie SGR fractions of both normal and castrate glands 
contained essentially the same amount of protein, namely, 0.23 mg. and 
0.20 mg., respectively. Results given in Table 3 show that the protein 
per gland and the relative amount per cell recovered in the LG, SG and 
SGE fractions were slightlj’- greater for normal than for castrate glands 
even though the SG and SGE fractions from the castrate glands contained 
much more gonadotropliic activity. This means that per unit weight of 
protein the small granule fraction of glands from castrate rats was much 
richer in gonadotrophin than the same fraction from glands of normal ani¬ 
mals. 

The fact that only a slight increase occurred in the total PNA on cas¬ 
tration (Table 1) indicates, according to Caspersson (1947), little increase 
in pituitary protein during castration. Synthesis of small amounts of pro¬ 
tein for purposes such as tlie production of gonadotrophin could have 
conceivabl}'^ occurred. However, the possibility should not be overlooked 
that on castration gonadotrophin was formed from protein already pres¬ 
ent. It is not clear, of course, as to whether the gonadotrophin was pro¬ 
duced b}^ the particules with wliich it was associated or was concentrated 
in these particles after production at some other point in the cell. 

Essentially 50% of the PNA of the homogenates was recovered in 


Table 3. Concentrations of protein in fractions from normal and castrate 

RAT ANTERIOR PITUITARY GLANDS 


Compound 

Kind of 
rats 



Fraction 




WH 

NF 

LG 

SG 

SGR 

SGE 

S3 

Protein per gland (gg.) 

N 

1850 

540 

198 

280 

120 

140 

840 

(NX 6.25) 

C 

1690 

560 

166 

250 

116 

115 

866 

Protein per gland (gg.)= 

N 

26.0 

7.58 

2.78 

3.93 

1.72 

1.97 

11.80 

DNA per gland (gg.) 

C 

24.7 

8.00 

2.40 

3.60 

1.66 

1.64 

12.40 


* Relative measure of protein per cell. 
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the S3 fraction. PNA was also found in each of the other fractions but 
these data are not considered to be reliable from the quantitative stand¬ 
point because small amounts of tissue were used for the determinations 
and the recoveries were not satisfactory. These data are not included. The 
PNA values for the homogenates were lower than found previously for 
aqueous homogenates of pituitary glands from young adult rats. 

The glycolytic activity of the homogenates of glands from normal rats 
was slightly greater than the activity of those of castrate rats (Table 1). 
The NF of both kinds of glands contained more activity than the LG and 
SG fractions. Almost 50% of the gl 3 '-colytic activity was found in the 
supernatant fraction S3 of both the normal and castrate glands which 
is similar to the results reported by LePage and Schneider (1948) for the 
soluble fraction of rabbit liver. The SG fractions from both normal and 
castrate glands were low and not significantly different in glycolytic 
activity wliereas these fractions from normal glands were low and those 
from castrate glands were high in gonadotrophic activity. 

A high percentage of the transaminase activity from both kinds of 
glands was recovered in the S3 fraction. 

The succinoxidase activity of the homogenates of normal glands was 
16.3^ as compared with 14.3 for castrate glands. Satisfactory recovery of 
activity was obtained when the various fractions were recombined as 
shown by values of 16.6 and 15.3, respective!}’-, for normal and castrate 
glands. The NF, LG and SG fractions obtained from both kinds of glands 
by the procedure referred to above (1952) contained succinoxidase activity. 
This suggested that these fractions also contained mitochondria and this 
was shown to be the case by staining. The number present in each of these 
fractions was not estimated quantitative!}'-. The impression was gained 
from the staining that mitochondria of varying sizes -^^’ere present. The 
fact that they were found in the fractions recovered at different speeds of 
centrifugation is also indicative of this. 

The succinoxidase value for the SG fraction of normal glands was three 
times the value for castrate glands, namely, 5.4 to 1.8 (Table 1). The latter 
value for glands of castrate rats is an average of three very low and one 
high value. The difference bet-u’een these two values for succinoxidase 
activity is probably not of any particular significance. 

The fact that the LG fraction contains little gonadotrophic activity in¬ 
dicates that gonadotrophin is not associated to a significant degree with the 
mitochondria of this fraction. On the basis of this it was suggested (Mc- 
Shan and Meyer, 1952) that the gonadotrophin of the SG fraction was 
not associated with the mitochondria of this fraction, but this explanation 


“ Cii. mm. of oxj^gen uptake per 20 mg. of fresh tissue per 10 minutes. 
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does not seem valid since it is conceivable that the gonadotrophin could 
be associated with the small mitochondria or with other granules con¬ 
tained in the SG fraction. It was reported previously (MeShan and 
]\'Ieyer, 1952) that little gonadotrophin is associated with the material 
recovered from the S3 fraction of an O.SS M sucrose homogenate by 
centrifuging at 150,000 g. which, according to the work of Hogeboom, 
Schneider and Pallade (194S), would be expected to contain submicro- 
scopic particles. 

SUMMARY AND CONCLUSIONS 

Anterior pituitary glands from normal and castrate adult female rats 
were homogenized in O.SS M sucrose and separated bj’- differential centri¬ 
fugation into nuclear, large granule, small gi'anule and supernatant frac¬ 
tions. The gonadotrophic activity, the protein, PNA and DNA contents, 
and the glycoljdic, transaminase and succinoxidase activities of the homo¬ 
genates and fractions of both kinds of glands were studied. 

The high level of gonadotrophin found in the castrate as compared with 
the normal glands was concentrated in the small granule fraction, and it 
was removed from this fraction bj’’ extraction with isotonic saline. The 
distribution of protein in the two kinds of glands was studied. The granule 
fractions and the extract of the small granules of the castrate glands con¬ 
tained slightly less protein than the same fractions of normal glands. 

The DNA was recoA'-ered in the nuclear fraction and approximately 50 
per cent of the PNA in the supernatant fraction. Castration caused little 
change in the DNA and PNA. 

The glycoljdic activity'' was essentially the same for the homogenates 
and fractions obtahied from glands of normal and castrate rats, but the 
gonadotrophic hormone activity was much greater in the small granule 
fraction of glands from castrate as compared with normal animals. The 
major part of the transaminase was found in the supernatant fraction. 
The succinoxidase was distributed in the nuclear and granule fractions 
of both kinds of glands. These fractions as indicated by staining were found 
to contain mitochondria. 

On the basis of these results and those reported previous^'' it appears 
that though gonadotrophin is not associated to a significant degree with 
the mitochondria of the large granules nor with the submicroscopic parti¬ 
cles recovered by high speed centrifugation of the supernatant fraction, 
it may be associated with those of the small granules. 

A cknoivledgment 

The authors are greatly indebted to Mr. R. P. Breitenbach for staining 
the fractions and for the transaminase determinations. 
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RESPONSE OF PREPUTIAL AND ADRENAL GLANDS 
OF HYPOPHYSECTOMIZED RATS TO ACTH^ 

MELVIN HESSr EDWARD G. RENNELS and JOHN C. FINERTY 

Department of Anatomy, University of Texas Medical Branch, Galveston, Texas 

T he growth response of the preputial glands of the female rat to 
ACTH in adrenalectomized-ovariectomized animals indicates that 
these glands are subject to the direct action of this trophic hormone (Jacot 
and Selye, 1952). Furthermore, it has been shown that the ascorbic acid 
of male rat preputial glands can be depleted by stress or ACTH in acute 
experinrents, and that these alterations in the vitamin content resemble 
the changes which occur in the adrenal gland following these same stimuli 
(Hess e( al., 1952). 

It has been known for some time that the level of adrenal ascorbic 
acid is greatly reduced b}' hj'popliysectomy (Leblond and Chamorro, 1940; 
Bowman et «/., 1940). Ti’^slowitz (1943) reported that the concentration of 
ascorbic acid in the adrenal glands gradually declines for about 18 days 
following the operation. Thereafter, he found that the concentration re¬ 
mained stabilized at about 60% of the value for intact animals. To date, 
there is no information concerning the concentration of ascorbic acid in 
the preputial glands of the hj'^pophysectomized rat. The present studies 
were undertaken to determine the effect of hypopliysectomy, together 
with acute and chronic administration of ACTH, on the weight and as¬ 
corbic acid content of the preputial glands, as compared to the adrenal 
glands of the rat. 

METHODS 

Twenty-nine male rats of the Holtzman strain were hypophysectomized 
at the age of 33 days. During the postoperative period they were main¬ 
tained on laboratory chow and 5% sucrose solution. At the time of au- 
tops}’’ the sella turcica was examined for hypophyseal fragments with the 
aid of a dissecting microscope. The absence of any such fragments, together 
with a sustained loss of body weight and a marked loss of testis and ven¬ 
tral prostate weight was considered satisfactory evidence of the complete¬ 
ness of the operation. 

Received for publication September 15, 1952. 
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Experiment I. At the end of 3 weeks following hypophysectomy the 
left preputial and left adrenal glands were removed from 14 animals under 
nembutal anesthesia. Ten of the animals were then injected with 10 ng. 
ACTH,^ via the tail vein, and after one hour the right preputial and right 
adrenal glands were removed. The glands were freed of excess adipose and 
connective tissue, weighed on a torsion balance, and subjected to ascorbic 
acid analysis in accordance with the method of Roe and Kuether (1943). 

Experiment II. Two weeks after hypophysectomy, the left preputial 
and left adrenal glands were surgically removed from 15 animals'. Following 
this operation, the animals were given subcutaneous injections of 25 iig. 
ACTH twice daily for 7 days. At autopsy the right preputial and right ad¬ 
renal glands were removed, weighed and analyzed for ascorbic acid con¬ 
tent. 

Twenty-three intact animals of the same age and sex were used as con¬ 
trols for these experiments. In addition to weights and ascorbic acid values 
for preputial and adrenal glands, weights for the left testis and ventral 
prostate were obtained from these animals. 

RESULTS 

Experiment I. Three weeks after hypophysectomy there is an absolute 
as well as a relative decrease in the weight and ascorbic acid content of 
the preputial and adrenal glands (Table 1). On a relative weight basis the 

Table 1. The effect of hypophysectomt and ACTH treataibnt on the 

ADRENAL AND PREPUTIAL GLANDS OF MALE RATS 

Adrenal Glands Preputia l Glands _ 

No. of Ascorbic Acid Ascorbic Acid 



Rats 


Weight 

Content 

Weight 

Content 




Abs 

Rel.2 

Abs.* 

Rel.r 

Abs. 

Rel.2 

Abs.* 

Rel.* 

Control 

10 

L 

mg. 

13.9 

±0.30* 

mg. 

8.1 

±0.20 

00 

±2.0 

439 

±18 

mg. 

39.3 

±5.0 

mg. 

22.7 

±2.8 

22 

±3.3 

57 

±0.3 


10 

R 

13.1 

±0.22 

7.6 

±0.20 

00 

±2.2 

450 

±10 

32.4 

±4.4 

18.0 

±2.4 

20 

±3.1 

59 

±0.8 

Hypophysect. (3 weeks) 

14 

L 

5.4 

±0.18 

5.1 

±0,19 

13 

±0.0 

247 

±11 

9.7 

±0.5 

9.1 

±0,5 

3 

±0.9 

21 

±7.2 


10 

R« 

4.8 

±0.22 

4.4 

±0.20 

8 

±1.0 

170 

±20 

10.5 

±0.9 

9.8 

±0.9 

1 

±0.3 

0 

±2.8 

Hypophysect. (2 weeks) 

15 

L 

5.6 

±0.19 

5.3 

±0.25 

19 

±1.7 

348 

±26 

11.0 
±0.7 

10.5 

±0.7 

3 

±1.1 

21 

±9.1 

Hypophysect. (3 weeks) 
plus ACTH» 

15 

R 

0.1 

±0.28 

5.8 

±0.30 

17 

±0.8 

270 

±12 

15.4 

±0.9 

14.5 

±0.8 

4 

±1.0 

29 

±10.3 


' 25 pg. ACTH injected subcutaneously twice daily for 7 days prior to autopsy. 
2 mg./lOO gm. body weight. 

5 pg. of ascorbic acid in the entire gland. 

< ug, ascorbic acid/100 mg. tissue. 

5 10 pg. ACTH injected intravenously 1 hr. prior to autopsy. 

* Standard error. 


3 Armour ACTHAR. (dosage expressed as LA-lA equivalent) 
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preputial and adrenal glands of t,he hypophysectomized rat are 60% and 
37% smaller, respectivelj’-, than those of control animals. Likewise, the 
concentration of preputial and adrenal ascorbic acid is 58% and 44% less 
than that of tlie normal glands. In spite of the fact that the concentration 
of ascorbic acid is greatly reduced in these glands following hypophysec- 
tomy, they are still capable of responding to an intravenous injection of 
10 fig- of ACTH by a further reduction in their ascorbic acid content (Table 
1). Thus a 75% depletion of preputial and a 31% depletion of adrenal as¬ 
corbic acid was seen at one hour following tlie injection of ACTH. 

Experiment II. The 7-day treatment with ACTH resulted in some en¬ 
largement of the preputial glands as seen by comparing their weights with 
those of uninjected hypophysectomized rats (Table 1). Likewise, there was 
a slight enlargement of the adrenal glands, although it was considerably 
less than was anticipated. It is clear that ACTH reverses the gradual de¬ 
cline in the weight of the preputial and adrenal glands seen at 2 and 3 
weeks after hj’^pophysectomy. These injections, on the other hand, had only 
little effect on the preputial and adrenal ascorbic acid concentrations, the 
values being similar to those observed in the uninjected, hypophysecto¬ 
mized animals. 

It has been the general observation in this study that left preputial and 
adrenal glands are slightly heavier than right ones. This was true in the in¬ 
tact control group, where on a mg./lOO gm. body weight basis, the left 
preputial gland was 18% heavier than the right and the left adrenal gland 
was 6% heavier than the right (Table 1). There was no significant differ¬ 
ence, however, in the concentration of ascorbic acid in the right and left 
glands. In the two hypoph 3 '’sectomized groups, since the right glands were 
utilized for study after the administration of ACTH, either acutely or 
chronically, it is not Icnown whether this'same tendency prevails. If one 
assumes that left glands tend to be heavier than right ones in untreated, 
hypoph 3 ^sectomized rats, it follows that in the present study the preputial 
and adrenal hypertrophy produced by chronic ACTH administration is 
partially masked. 

DISCUSSION 

Following hypophysectomy there is a gradual decline both in the weight 
and ascorbic acid content of the preputial and adrenal glands. The results 
for the adrenal glands are in general agreement with the earlier findings of 
Tyslowitz (1943). The decline proceeds at a more rapid rate in the prepu¬ 
tial glands where it is apparently complete at 2 weeks after hypophysec¬ 
tomy. It is of considerable interest that, in spite of the marked involution 
of the preputial and adrenal glands and their low levels of ascorbic acid, 
they are still sensitive to ACTH, as indicated by the further depletion of 
ascorbic acid following the acute administration of 10 yg. ACTH. In com- 
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parison to the adrenal gland, the preputial gland is apparently more sen¬ 
sitive to the ascorbic acid depleting action of ACTH. 

Although the administration of ACTH for one week to animals which 
had been hypophysectomized 2 weeks previously was capable of reversing 
the gradual decline in preputial and adrenal weight, it had little effect 
in rebuilding the ascorbic acid content of these glands. The concentration 
of preputial and adrenal ascorbic acid is not significantly different from 
the values for the untreated, 3-week hypophysectomized animals. In a 
previous study of this sort Munson and Koch (1946) reported that 13 
daily injections of ACTH to hypophysectomized rats raised the ascorbic 
acid content of their adrenal glands. Their dosage range was from 40 jug. 
to 1 mg. daily and they state that even when sufficient ACTH was given 
to increase the adrenal weight above that of unoperated controls, the ad¬ 
renal ascorbic acid was still significantly less than that of the controls. It 
seems clear that the action of ACTH on adrenal as well as on preputial 
gland ascorbic acid is more complex than is indicated by the depletion 
phenomenon which rapidly follows the administration of a single injec¬ 
tion. In the absence of further information it is suggested that ACTH may 
also influence the synthesis of ascorbic acid so that with the clu-onic ad¬ 
ministration of this hormone to hypophysectomized animals a new equilib¬ 
rium between synthesis and utilization of ascorbic acid in these glands is 
reached. If this is true, it appears that at the dosage employed the activity 
level is well below that of the glands of intact animals, as indicated by the 
relatively low levels of glandular ascorbic acid. Further indication of low 
activity level is the relatively slight effect on the preputial and adrenal 
gland weight produced by the dosage of ACTH employed. Apparently the 
dosage of ACTH employed was near the minimally effective dosage of the 
preparation used. 

It has been known for some time that the preputial glands of the rat are 
subject to androgenic stimulation (Korenchevsk}!', 1935). That this is not 
a factor in the present study is indicated by the pronounced atrophy of the 
testes and ventral prostate in both groups of hypophysectomized animals 
(Table 2). The preputial glands are also responsive to some degree to the 
action of estrogen and progesterone (Van der Woerd, 1938) and are cur¬ 
rently regarded as accessory reproductive glands. Developmentally they 
are modified sebaceous glands and functionally they belong to the holo¬ 
crine type, their secretory product being a viscous sebum. By usual his¬ 
tological and cjdological criteria they have little in common wdth the ad¬ 
renal cortex. It is therefore somewdiat surprising that these glands show 
such a striking parallelism to the adrenal glands in their response to ACTH. 
So far as is knowm at present, the direct action of ACTH is limited to the 
adrenal cortex and the preputial glands. Long (1947) has shown that 
changes in ascorbic acid levels of other organs such as brain, kidney, heart. 
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Table 2. The effect of HYTorTiYSECTOMY and ACTH tbeatment on the body, 

TESTIS, AND I'ROSTATE ^^•^IGIIT OF RATS 



No. of 
Rats 

Body weight 

Left testis 
weight 

Abs. Rcl.= 

Ventral prostate 
weight 

Abs. Rel." 

Initial 

Final 



gni. 

gni. 

mg. 

mg. 

mg. 

mg. 

Control 

13 

120 

179 

1114 

628 

128 

71 



+ 0.9* 

±2.9 

±34 

±16 

±18 

±8.9 

llvDoulivscct. 

14 

122 

100 

20G 

191 

9.5 

8.8 

(3 weeks) 


±1.7 

±1.8 

±12 

±11 

± 0.6 

±0.5 

Hypophyscct. 








(3 weeks) 

15 

123 

lOG 

202 

189 

9.1 

8.6 

plus ACTH' 


±1.3 

±1.5 

±15 

±13 

± O.S 

±0.8 


' 25 fia. ACTH injected subcutaneously twice daily for 7 days prior to autopsy. 
^ mg./lOO gm. body weight. 

^'Standard error. 


skeletal muscle and Ijnnphoid organs are of an insignificant nature follow¬ 
ing a single injection of ACTH. The marked differences together with the 
marked similarities between the preputial and adrenal glands offer the 
promise that further studies of this nature will shed new light on the role 
of ascorbic acid in cellular processes. 

SUMMARY 

H 5 ’poph 5 ’’sectom 5 '' of male rats produces a gradual decline in both weight 
and ascorbic acid content of the preputial and adrenal glands. At three 
weeks postoperatively when the concentration of ascorbic acid is at a 
low level in both of these glands it can be further reduced by a single intra¬ 
venous injection of ACTH. A 7-day treatment, begun two weeks post- 
operativel}^ reverses the gradual decluie in the weight of the preputial and 
adrenal glands but has little effect on their ascorbic acid content. As in 
intact animals, there is a clcse parallelism in the response of the preputial 
and adrenal glands to ACTH. 
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ENDOCRINE INFLUENCE ON THE PLASMIN-PLASMIN 
INHIBITOR SYSTEM IN THE BLOOD OF RATS 
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Fort Knox, Kentucky 

INTRODUCTION 

E arlier studies have indicated that the equilibrium of the plasmin 
(fibrinolysin)-plasmin inhibitor (antifibrinolysin) system in blood 
can be shifted under various experimental conditions (Jensen, Chamovitz, 
Volkringer, Gray, Gosney and Kocholaty, in press), Ungar and his as¬ 
sociates (1951, 1951) reported that certain endocrine principles act on this 
system by accelerating the rate of combination of plasmin and plasmin in¬ 
hibitor. The findings of the present study do not seem to substantiate this 
concept. Instead, the recorded data tend to show that the, increased anti¬ 
fibrinolytic activity, observed after administration of certain hormones, is 
a result of an actual rise in the plasmin inhibitor level in the blood, 

MATERIALS AND METHODS 

Male Sprague-Dawle}' albino rats weighing 220-250 gm were used. The animals 
were allowed food and water throughout the experiment. Unless noted all injections 
were given subcutaneousIJ^ Controls received either no injections or a volume of solvent 
equal to that used in the hormone injections. 

Splenectoni}^ was performed on fasting rats anesthetized by ether. Animals regained 
their normal weight within the second or third post-operative day. The experimental 
work was carried out 7 da 3 's after splenectomj^ H3q3ophysectomized and adrenalecto- 
mized rats, obtained from the Hormone Assa 3 ’- Laboratories, Inc., Chicago, Illinois, 
were used 10 da 3 ^s after operation. 

The hormones were injected subcutaneousl 3 ' in dosages as follows: 

Adrenocorticotropin, Armour Acthar, equivalent to 1.0 mg Standard LA-l-A/kg 
twice daib^ for 3 da 3 '^s; controls—equivalent volume of 0.9% saline. 

Cortisone, Merck Cortone Acetate, 5 mg/kg daib"^ for 3 days; controls—equiva¬ 
lent volume of 0.9% saline. 

Tlu'roxine, Squibb Ciystalline Tlwroxine, 0.5 mg/kg daily for 4 da 3 '^s; controls 
equivalent volume of slightb" alkaline 0.9% saline. 

Tlyu'otropin,* Armour Lot 2-D-3, LJ'\V3-16-48 containing 5 Junkmann-Schoeller 
units per mg, 10 mg/kg daib' for 5 da 3 's; controls—equivalent volume of slight^ 
alkaline 0.9% saline. 

Received for publication September 16, 1952. 

1 This preparation was kindb’- supplied by the Armour Laboratories, Chicago, Illinois. 
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Blood samples, l.S ml, were taken by heart puncture 2 hours after the last in¬ 
jection, using 0.2 ml of 3.S% sodium citrate as the anticoagulant. Following centrifuga¬ 
tion at 2S00 rpm for 30 minutes at 5 to 10°C, the plasma was separated and either 
analyzed immediately or stored frozen until tested. 

The antifibrinolytic activity of plasma was determined by measuring the residual 
activity of a standard amount (2 mg") of bovine plasmin,’ after incubation for 5 and 30 
minutes with a 4% concentration of plasma ns previous^' described b 3 '^ Westphal, 
Kocholatv, McDonald, King and Jensen (1950). Thrombin, salt-free, (Parke-Davis) 
and fibrinogen, prepared according to AVarc, Guest and Seegers (1947), were used. 
Calculations of antifibrinoh’tic units (AFU) were performed as jrreviously reported b}' 
Kocholat.v, Ellis and Jensen (1952). 

The plasmin inhibitor preparation used in these studies was obtained bj^ (NH 4 ) 2 S 04 
fractionation of a product prepared from bovine plasma according to Loomis, Rj'der 
and George (1949). The plasmin inhibitor was found to be precipitated between 0.6- 
0.7 saturation of ammonium sulfate. 

RESULTS AND DISCUSSION 

When the plasmin iiiliibitor preparation was tested against plasmin, it 
was found that 340y of this preparation were equivalent to one anti- 

TaBLE 1. I.VHIBITION OF BOVINE PLASMIN BY NORMAL RAT PLASMA 

0.1 ml ( 2 OOO 7 ) of bovine plasmin incubated for 5 and 30 minutes at 25° C. with 0.1 ml of 
rat plasma ranging from 0.5-G% in the final reaction mi.Yture. After addition of thrombin 
(0.1 ml, 10 units) and fibrinogen (0.2 ml, 500y), the clot dissolution time was determined 
at 37.5° C. Imidazole buffer pH 7.25 was used. 


Plasma concentration (%) 
in the reaction mixture 


CDT (Seconds)* 


5 minute incubation 

30 minute incubation 

0.0 

123 



126 

0.5 

129 



136 

1.0 

135 



147 

1.5 

145 



160 

2.0 

153 



175 

2.5 

166 



195 

3.0 

182 



216 

3.5 

203 



249 

4.0 

234 



305 

4.5 

275 



355 

5.0 

314 



420 

5.5 

382 



528 

6.0 

455 



610 


* Each clot dissolution time (CDT) is the average of duplicate determinations. 


fibrinolytic unit. Tested against trypsin, GOy corresponded to one unit. 
This finding is in agreement with earlier observations of Christensen and 
MacLeod (1945) and of Lewis and Ferguson (1950) who found that the 
inhibition of plasmin requires a higher concentration of the serum or 
plasma than is necessary to inhibit trypsin of equal fibrinolytic potency. 

^ This amount of plasmin dissolved the standard fibrin clot in 125 seconds at 37.5°C. 

^ Preparations of bovine plasmin were kindly supplied by Dr. E. C. Loomis of the 
Research Laboratories, Parke-Davis and Companj^ Detroit, Michigan. 
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The rate of combination between plasmin and its inhibitor is dependent 
on the time of incubation of the reactants; a 30 minute incubation pro¬ 
duced a greater inhibition than did the 5 minute incubation, both in the 
case of rat plasma and of a purified preparation of bovine plasmin inhibitor 
(Table 1 and 2). These findings are in agreement with similar observa¬ 
tions reported by Guest, Daly, Ware and Seegers (1948). It was found 
that the inhibition of trypsin by normal rat plasma after 30 minutes incu¬ 
bation was somewhat greater than after 6 minutes incubation, but the 


Table 2. Inhibition of bovine plasmin by plasjiin inhibitor 

0.1 ml (2OOO7) of bovine plasmin incubated for 5 and 30 minutes at 25° C. with 0.1 ml con¬ 
taining 20-140 of purified bovine plasmin inhibitor. After addition of thrombin (0.1 ml, 10 
units) and fibrinogen (0.2 ml, SOOy) the clot dissolution time was determined at 37.5° C. 

Imidazole buffer pH 7.25 was used. 


Plasmin inhibitor 
Gamma 


CDT (seconds)* 


5 minute incubation 

30 minute incubation 

0 

126 



129 

20 

130 



13S 

40 

131 



145 

60 

134 



154 

SO 

137 



163 

100 

139 



166 

120 

142 



177 

140 

143 



193 


* Each clot dissolution time (CDT) is the average of duplicate determinations. 


difference was not as pronounced as that observed with plasmin. As to be 
expected, the rate of combination betiveen plasmin and its inhibitor was 
found to be dependent also on the temperature of the reaction mixture. 

The antifibrinolytic activity of normal rat plasma after 5 minutes incu¬ 
bation was 87.6 + 7.5 units, after 30 minutes, 105.8±5.8 units (Table 3). 
The plasmas of control rats injected either ivith saline or alkaline saline 
had similar antifibrinolytic activities. The administration of adrenocorti- 
cotropin over a 3-day period in normal rats produced a significant increase 
in the antifibrinolytic activity of the blood, as measured after 5 or 30 min¬ 
utes incubation, 101.4 + 13.5 units and 119.3 + 8.5 units, respectively, 
(Table 3). Thyrotropin, given for 5 days, produced an increase noted 
only after 5 minutes incubation. Thyroxine, administered for 4 days, pro¬ 
duced an elevation of the antifibrinolytic activity wdiich wms evident only 
after 30 minutes incubation while cortisone, given for 3 days, produced no 
change. 

Single intraperitoneal injections of adrenocorticotropin (1 to 4 mg. per 
rat), of adrenal cortical extract, Upjohn, (2 to 4 ml. per rat) and of thyrox¬ 
ine (1 mg. per rat) were found to produce no significant change in the plas¬ 
min inhibitor titer 15 to 90 minutes after administration. 
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The antifibrinoljTic activity of plasma 10 days after removal of the hy¬ 
pophysis or of tlie adrenals was found to be greatlj’’ reduced (Table 3). 
Splenectomy did not alter the plasmin inhibitor level of plasma "'(Table 
3). In splenectomized rats, adrenocorticotropin administration (same 
procedure as in normal animals) did not produce any change in the anti¬ 
fibrinolytic activity of the blood, as measured after 5 or 30 minutes incu¬ 
bation (Table 3). Apparently, the influence of tlie adrenals on the plas- 


Table 3. Effect of nEMOVAr, of exdociune ougans and of vAnlous hoismones 

ON THE ANTJFIBRIXOEYTIC ACTIVITY OF BAT TEASMA 


Treatment 

No. of 
animals 



Incubation time 




5 Minutes 



30 Minutes 


CDT' 

' Avg. 
Sec. 

AFUVml 
plasma 
Avg. +S.D. 

t’ 

CDT 

Avg. 

Sec. 

AFU/ml 

plasma 

Avg.iS.D. 

i 

Normal Animals 








No treatment 

13 

234 

87.6+ 7.5 


284 

105.8+5.8 


Saline 

10 

23S 

88 .5+ 9.3 


295 

10S.S±7.6 


Alkaline Saline 

10 

234 

87.6± 8.3 


291 

107.9±9.0 


ACTHt 

15 

274 

101.4 + 13.5 

2 .8t 

339 

119.3+8.5 

3.2t 

Cortisone 

15 

240 

88.9 + 12.8 

0.9 

311 

112.7±9.7 

1.1 

Thyroxine 

15 

231 

85.3+ 8.6 

0.4 

318 

114.0±6.2 

2 .2* 

TSH 

15 

255 

95.6± 8.3 

2 .6t 

311 

113.0±7.7 

1.5 

Hypophysectomy 

4 




202 

00 * 


Adrenalectomy 

4 




230 

76* 


Splenectomy’ 








Saline Controls 

3 

239 

89.0 


284 

107.0 


ACTH 

9 

254 

94.3 + 12.7 

1.1 

298 

109.7 + 7.7 

0.3 

Thyroxine 

9 

242 

90.9± 8.1 

1.1 

327 

117.1 ±6.9 

2.5* 


' Clot dissolution time. 

® Antifibrinolytic units. 

’Comparisons are made with the injected controls, p values: *=<0.05, t=<0.02, 
t=<0.01. 

* Tested against standard tr3’psin after 30 minutes incubation only. The normal value 
with trj’pin—^104 AFU/ml of plasma. 

’ Previous studies showed no changes in the antifibrinolj’tic titer after splenectomjE 


min inhibitor titer is mediated through the spleen. In this connection it 
may be pointed out that Macfarlane and Biggs (1948) have observed that 
among all the organs, extracts of the spleen had the highest antifibrinolytic 
activity. On the other hand, administration of thyroxine (same procedure 
as in normal animals) to the splenectomized rat produced a significant ele¬ 
vation of the antifibrinolytic titer as measured after 30 minutes incubation 
(Table 3). Apparently, more than one mechanism is involved in the control 
of the plasmin inhibitor level in blood. 

In general, these findings are in agreement with the observations 
of Ungar and coworkers (1951) namely, an increased antifibrinolytic 
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activity after the administration of adrenocorticotrgpin to normal animals 
and no alteration in the plasmin inhibitor titer when administered to 
splenectomized animals. However, the results presented do not seem to 
substantiate the concept suggested by these workers that adrenocortico- 
tropin affects the antifibrinolytic activity of normal plasma by accelerating 
the rate of combination between plasmin and plasmin inhibitor. Instead, 
the recorded data tend to show that the observed increased antifibrinotytic 
activity is a result of an actual rise in the plasmin inhibitor level in the 
blood.'* 

SUMMARY 

The degree of combination between plasmin and plasmin inhibitor was 
found to depend on the incubation time and temperature of the reactants. 

Administration of adrenocorticotropin produced a significant increase 
in the plasmin inhibitor titer of blood. The injection of thyrotropin or thy¬ 
roxine caused elevations of the plasmin inhibitor in blood. Cortisone pro¬ 
duced no change. The plasmin inhibitor titer of rat plasma 10 days after 
removal of the hypophysis or of the adrenals, was found to be greatly re¬ 
duced. Splenectomy did not alter the plasmin inhibitor level of plasma. In 
splenectomized rats adrenocorticotropin administration did not produce 
any change in the plasmin inhibitor titer of the blood. On ,'the other hand, 
administration of thyroxine to splenectomized rats was found to produce 
an elevation of the titer. 

The significance of these findings has been discussed. 
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NOTES AND COMMENTS 


THE INFLUENCE OF CORTISONE ON THE IODIDE CONCENTRATING 
xAIECHANIS.AI OF THE RAT THYROID* 

Several groui)s of workers have found a depression of thyroid I'^‘ uptake in cortisone- 
treated rats (i\Ioney cl ah, 1951, Verzdr and Vidovio, 1951, Peny, 1951, Albert el ah, 
1952). An inliibition of the pituitary thyrotrophic mechanism was ruled out as the cause 
of this idienomenon by the findings that the rate of release of radioiodine from the 
thyroid is not reduced by cortisone (Perry, 1951, Albert ct ah, 1952) and that the mor¬ 
phology of the thyroid in cortisone-injected rats suggests a compensatory hj'persecretion 
rather than a diminished output of thyrotrophin (TSH) (Halmi and Barker, 1952). 
Albert cl ah (1952), in a trenchant analysis of the cortisone-induced changes in th3Toid 
function, pointed out that reduced P” uptake may be the result of various disturbances, 
such as an increased renal elimination of iodide, an augmentation of the iodide space 
or an inhibition of the concentration of iodide b}' the thjToid. One might add to this 
list an interference with the organic binding of iodine in the thyroid. 

The present study was undertaken to ascertain the effect of large doses of cortisone 
on the abilit.v of the thyroid to concentrate iodide. Since Woodbuiy ct ah (1951) reported 
that e.\ogenous TSH is less effective in raising the thyroidal I‘®‘ uptake of hypoph}^secto- 
mized rats if cortisone is administered simultaneouslj-, we also investigated the influence 
of cortisone on the thj-roid iodide trap of h.vpophj-sectomized rats receiving TSH. 
Finally we e.vamined the effect of cortisone on the rise in the th3'roid: serum iodide ratio 
which follows the administration of goitrogens (Vanderlaan and Vanderlana, 1947). 

■M.iTEniALS AND JIETHODS 

JIale albino rats of the Sprague-Dawle 3 ’ strain were used in this stud 3 \ In the first ex¬ 
periment 10 rats were injected with daiU' doses of 8 mg of cortisone' for 10 da 3 ’s. Ten un¬ 
injected control rats were pair-fed. In the second experiment hypoplysectomized rats (100- 
150 gm.) were obtained S da 3 ’s after operation from the Hormone Assay Laboratories, 
Chicago and divided into 3 groups. The first group received no treatment, animals in the 
second group were injected with 1 mg. of TSH (USP Th 3 uotropin Reference Substance) 
dail 3 | for 10 days, while to those of the third group 1 mg. of TSH and 5 mg. of cortisone were 
administered dail 3 ' over a period of 10 da 3 'S. In the third experiment 10 rats received 10 
dail 3 ' injections of 10 mg. of prop 3 ’lthiouracil in an alkaline solution, while 10 pair-fed rats 
were given 10 mg. of cortisone daily for 10 da 3 's in addition to the same amount of prop 3 ’l- 
thiouracil. All unoperated rats received powdered Rockland chow, while the hypophysec- 
tomized animals were given the same diet in pellet form and supplemented with horse meat 
and oranges. 

The iodide concentrating abilit 3 ’ of the thyroids was determined b 3 ' the method of Van¬ 
derlaan and Greer (1950). All rats were injected subcutaneousl)' with 5 mg. of propylthioura¬ 
cil in an alkaline solution. Fort 3 '-five' minutes later the 3 ' received an injection of 5 mg . of 
carrier-free radioiodide.* One or two hours following the latter injection the rats were anes- 

Received for publication August 22, 1952. 

* Aided b3' a grant from the Central Scientific Fund, College of Medicine, State 
University of Iowa. 

' Cortisone (Cortone acetate Merck) was generous^" supplied by Dr. E. Alpert, 
Merck and Co., Rahwa3^, N. J. 

* Radioiodide was obtained through the courtes3' of Dr. T. C. Evans, Radiation Re- 
sear''h Laboratoiy, State Universit3’' of Iowa. 
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thetized with ether and blood was withdrawn from the abdominal aorta. The thyroids were 
dissected out, weighed on a torsion balance and squashed on a piece of filter paper, which was 
placed on an aluminum planchet and covered with scotch tape. One tenth of a ml. of serum 
was pipetted onto a piece of filter paper of the same size, which then was also fixed to a plan¬ 
chet with scotch tape. The radioactivity of the thyroids and the blood samples was deter¬ 
mined by means of a thin mica-window Geiger-Miiller counter. Since the propylthiouracil 
almost completely prevents the organic binding of the subsequently administered (Van- 
derlaan and Vanderlaan, 1947), the radioactivity of the thyroid can be regarded as the 
measure of radioiodide collection by the gland. The thyroid:serum iodide ratio is expressed 
as the quotient of the respective activities of 100 mg. of thyroid tissue and 0.1 ml. of serum. 

RESULTS 

Table 1 shows that the th 3 U'oid: serum iodide ratio in rats treated with 8 mg. of cortisone 
daily for 10 da 3 ^s was somewhat higher than that of pair-fed controls. Table 2 summarizes 
the observations on groups of h 3 '-poph 3 'sectomized rats which received a) no treatment, 
b) 1 mg. of TSH dail 3 '’ for 10 days, and c) 1 mg. of TSH and 5 mg. of cortisone daily for 
10 day'^s. The low thyu-oid: serum iodide ratio found in the untreated hypophy^seetomized 
rats is in agreement with the findings of Greer (1949). TSH markedly'' elevated the 
thy'^roid; serum iodide gradient and cortisone did not exert any'^ significant influence on 
this response to TSH. The results of the third experiment, which are shown in Table 3, 


Table 1. Thl'roidal iodide concentrating ability of rats given S mg. of 

CORTISONE DAILY FOR 10 DAY'S AND OF THEIR FAIR-FED CONTROLS 


Group 


No. of rats 


Average 


Starting Final 

weight weight 

gm. 


Thyroid: serum iodide ratio 
(mean ±st. error) 


Cortisone 

10 

194 

153 

27..9+2.6'| 

P=0.02 

Control 

10 

210 

213 

20.8+0.4J 


Table 2. Thyroidal iodide concentrating ability of groups of hypophysectomized 
RATS receiving NO TREATMENT, 1 MG. OF TSH DAILY' FOR 10 DAYS OR 1 MG. OF 
TSH 4-5 MG. OF CORTISONE DAILY' FOR 10 DAYS 


No treatment TSH only TSH-f-cortisone 


No. of rats 14 13 13 

Thj'roid; serum iodide ratio 

(mean±st. error) 5.0±0.7 32.9±2.6 30.2+2.6 

I-P=0.4-^ 


Table 3. Thyroidal iodide concentrating ability of rats-receiving 10 mg. of 
PROPYLTHIOURACIL-f 10 MG. OF CORTISONE DAILY FOR 10 DAYS AND OF PAIR-FED 
CONTROLS GIY'EN 10 MG. OF PROPYLTHIOURACIL DAILY FOR 10 DAYS 


Group 


No. of 
rats 


10 


Average 


Starting Final 
weight weight 

gm. 


195 152 


Thyroid: serum iodide 
ratio 

(mean+st. error) 


92.7 + 15.7'] 

P=0.7 
101.8+ 6.4j 


Propylthiouracil 4-cortisone 
Propylthiouracil only 


10 


199 


193 
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indicate that tlie siimiltancous administration of 10 mg. of cortisone and of 10 mg. of 
propylthiouracil daily failed to ])revcnt the rise in the thyroid :serum iodide ratio which 
was elicited by 10 daily doses of 10 mg. of the latter drug alone. 

DISCUSSION 

The results presented in this paper indicate a) that the defective thyroid uptake 
observed by others in cortisone-treated rats is not likclj' to have been the sequel of an 
interference of this steroid with the ability of the thyroid to concentrate iodide, b) 
that the partial inhibition exerted by cortisone uiion the TSH-induced rise in thyroid 
uptake of hypophyscctomizcd rats (Woodbury cl al., 1951) is equally unlikel}' to 
have been the result of interference with the iodide trapping mechanism, and c) that, 
indeed, a striking elevation of the thyroid: scrum iodide ratio in response to a goitrogen 
is compatible with the simultaneous injections of large amounts of cortisone. The fact 
that cortisone-treated rats had an apparently slightlj’ higher thyroid:serum iodide ratio 
than that of their pair-fed controls is in agreement with the concept that this steroid is 
not a TSH inhibitor, since the thyroid :serum iodide gradient drops if TSH does not act 
on the thyroid. Furthermore, it harmonizes with histological findings indicating an in¬ 
creased thyrotrophic stimulation of the thyroids of cortisone-treated rats (Halmi and 
Barker, 1952). Since both the pituitary thyrotrophic mechanism and the th3'roid iodide 
trap thus appear to be ruled out as points of attack of cortisone, the following hypotheses 
remain to be verified or refuted: a) cortisone affects the extra thyroidal metabolism of 
iodide (renal excretion, iodide space), b) it partially inhibits a phase of the organic bind¬ 
ing of iodine in the thyroid. 

SUMMAUY 

Cortisone did not materialh’ affect the iodide trapping ability of the thyroids of 
normal rats, of hj’poiihj’sectomized rats given thj’rotrophin, or of rats chronicallj' 
treated with propj-lthiouracil. 

N. S. H.\lmi, E. M. Bogd.^nove, B. N. Spirtos and H. J. Lipner’ 
Departments of Anatomy and Physiology 
State University of Iowa 
Iowa City 

REFERENCES 

Albert, A., A. Tenney and E. Ford: Endocrinology 50: 324. 1952. 

Greer, M. A.: Endocrinology 45: 178. 1949. 

Halmi, N. S. and S. B. Barker: Endocrinology. 51: 127. 1952. 

hloNEY, W. L., L. Kraintz, J. Fager, L. Kirschner and R. W. Rawson: Endocri¬ 
nology 48; 682. 1951. 

Perry’, W. F.; Endocrinology ^9: 284. 1951. 

Vanderlaan, W. P. and M. A. Greer: Endocrinology 47: 36. 1950. 

Vanderlaan, j. E. and W. P. Vanderlaan; Endocrinology 40: 403. 1947. 

Verzar, F. .and ViDovio: Ilelvel. physiol, el pharingcol. acta. 9; 214. 1951. 

Woodbury', D. M., B. N. Ghosh and G. Sayers: J. Clin. Endocrinol. 11: 761. 1951. 

^ Present address: National Cancer Institute, Bethesda 14, Md. 



238 


ROTHCHILD, GREENE AND WILKENING 


Volume 52 


The author is much indebted to the donors, to the several ph 5 ’^sicians who drew the 
human blood samples and to Dr. Gertrude van Wagenen, Department of Obstetrics 
and Gynecologj'-, Yale University, and her assistants who obtained blood samples from 
monkeys in Dr. van AVagenen’s colony. 
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THE USE OF COLLODION ULTRAFILTRATES OF HUMAN URINE 
FOR STEROID DETERMINATIONS 

INTRODUCTION 

The practicabilit 3 ’^ of determining the content of more than one hormone in a single 
sample of human urine is limited, essentiallj’’, bj’' the concentration of the desired hor¬ 
mones in the urine. Thus, the gonadotrophins, pregnanediol and the adrenal cortical 
steroids are usually present in such small amounts, particularl 30 n non-pregnant subjects, 
that quantities of urine varying from about f of a da 3 "’s output to as much as a 48 hour 
output, or more, may be required for the determination of only one of these. It is often 
desirable, however, from the standpoint of the patient’s convenience, as well as the 
research objective, to know the excretion level of the gonadotrophins and of a steroid 
hormone or its metabolites during a particularl 3 '^ limited period of time, such as 24 or 12 
hours. Our use of the Gorbman (1945) method for extracting gonadotrophins by ultra¬ 
filtration through a collodion membrane suggested that a simple solution to this problem 
might be at hand if the ultrafiltrate could be used for the steroid assays. This has been 
tested by determination of the 17-ketosteroid and pregnanediol content of several urines 
before and after filtration through collodion. AA’^e have found that, with certain reserva¬ 
tions, the technique is a practical one, and, to our knowledge, has not been reported 
before. 

METHODS AND MATERIALS 

A total of 39 complete 24 hour urines were studied for total 17-ketosteroid, and 26 
urines were studied for pregnanediol content before and after ultrafiltration. The urines 
were collected from a group of 3 'oung health 3 '- female inmates of a home for the feeble 
minded. All urines were kept refrigerated, with th 3 '-mol as the onl 3 " preservative, until 
used. 

Gonadotrophins were extracted on aliquots of each urine, as described b3' Gorbman 
(1945). In the pregnanediol series, a single aliquot of urine, equal to ^ of the day’s out¬ 
put, was first removed, the remaining f of the day’s urine ultrafiltered, and pregnanediol 
determined on a single | aliquot of the ultrafiltrate, and on the aliquot of unfiltered 
urine. For the 17-ketosteroid series, a 10.0 cc. volume of unfiltered urine was first re¬ 
moved, the remainder of the urine ultrafiltered, and the 17-ketosteroid determinations 
carried out on a 10.0 cc. volume of the ultrafiltrate and the 10.0 cc. aliquot of unfiltered 
urine. The method of Sommerville, Gough and Marrian (1948) was used for pregnanediol, 
and that of Drekter, et al. (1947) for 17-ketosteroid analvses. 


Received for publication August 29, 1952. 
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Table 1. Total 17 ketostehoid content of iiujian uhine before and after 

ULTUAFILTUATION THROUGH COLLODION 

The values arc presented in three groups: (A) urines containing less than 10.0 ing./24 hours; 
(B) urines containing between 10.1 and 15.0 mg./24 hours; and (C) urines containing more 
than 15.0 ing./24 hours. Tlie values sliown in the first two columns of each group are mg. of 
17-ketostoroid per 24 hours. The group means for the percentage change from the value of 
the urine before filtration are derived from the difference between the before and after 
filtration group moanf=. rather than from the sum of the individual percentages. There is a 
slight discrepancy between these two values only in the case of the first group of urines 

(less than 10.0 mg./24 hours). 


A. Loss than 10.0 
24 hours 

mg. per 

B. 10.1 to 15.0 mg. per 

24 bour.s 

C. More than 15.0 mg. per 
24 hours 

Before 

Filtr.a- 

tion 

After 

Filtr.a- 

tion 

% 

change* 

Before 

Filtra¬ 

tion 

After 

Filtra¬ 

tion 

% 

change* 

Before 

Filtra¬ 

tion 

After 

Filtra¬ 

tion 

% 

change* 

4.9 

5.S 

+ 18 

10.1 

7.8 

-23 

15.1 

13.9 

-7.9 

5.0 

6.3 

+26 

10.8 

8.0 

-26 

15.8 

14.6 

-7.6 

6.3 

5.2 

-17 

10.9 

8.3 

-24 

16.0 

16.0 

0 

6.4 

9.5 

+48 

11.2 

9.7 

-13 

16.0 

16.0 

0 

6.6 

S.O 

+21 

11.4 

9.5 

-17 

16.6 

15.3 

-7.8 

6.9 

6.0 

-13 

12.6 

12.6 

0 

17.3 

14.7 

-15 

7.2 

7.9 

+9.7 

13.1 

13.1 

0 

17.5 

17.0 

-2.9 

7.3 

4.S 

-34 

13.2 

10.5 

-20 

20.4 

19.9 

-2.4 

9.2 

7.0 

-24 

13.4 

15.3 


20.9 

14.4 

-31 

9.4 

11.4 

+21 

15.0 

15.0 

0 

21.6 

19.6 

-9.3 

9.5 

S.O 

-16 




21.9 

21.9 

0 

9.8 

7.2 

-27 




22.0 

21.2 

-3.6 

9.9 

6.6 

-33 




22.6 

22.6 

0 







25.5 

25.2 

-1.2 







26.5 

21.4 

-19 







48.6 

50.3 

+3.5 

Group means: 








7.6 

7.2 

-5.3 

12.2 

11.0 

-9.9 

21.5 

20.2 

-6.1 

Mean of % change. 








regardless of sign; 

23.7 



13.7 



6.9 


• From the value of the urine before filtration. 


RESULTS 

17-Jcttosteroids. The 17-ketosteroid values, in terms of mgs./24 hours, are shown in 
Table I. The values are arranged in three groups, according to the quantity of steroid 
e.vcreted per day, in order to show its relation to the percentage change (expressed in all 
cases in relation to the amount present in the urine before filtration) following filtration. 
There was a very obvious inverse relation between the daily level of 17-ketosteroid 
excretion and the amount of variation in the values of the percentage change following 
ultrafiltration. This is shown by the decrease in the value of the mean of the percentage 
change, calculated without regard to the sign of this change (shown at the bottom of each 
group of values). The true means showed little difference between the three groups of 
urines, and the fact that most of the minus changes were found in the intermediate and 
high content urines is an indication of a probable slight but real loss of steroid as a result 
of filtration. 

Pregtianediol. Not as man 3 " urines were examined for pregnanediol content, and the 
values, though extending over as wide a relative range as did the 17-ketosteroids, did not 
compare with the latter as far as absolute amounts are concerned. Nevertheless, verj" 
much the same sort of relationship was seen (Table 2), and what has been said about the 
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Table 2. Pregnanbdiol content of human urine before and after 

ULTRAFILTRATION THROUGH COLLODION 

The values presented are in two groups: (A) urines containing less than 1.0 mg./24 hours- 
and (B) urines containing more than 1.0 mg./24 hours. As in Table 1, the values in the 
first two columns of each group are mg. of pregnanediol per 24 hours, and the group means 
for the per cent change are derived from the difference between the before and after filtration 

group means. 


A. 

Less than 1.0 mg. per 

24 hours 

B. More than 1.0 mg. per 24 hours 

Before 

Filtration 

After 

Filtration 

% change* 

Before 

Filtration 

After 

Filtration 

% change* 

0 

.17 

0.25 

+47 

1.17 

0.90 

-23 

0 

.19 

0.09 

-52 

1.35 

0.44 

-67 

0 

.20 

0.20 

0 

1.37 

1.19 

-13 

0 

.25 

0.20 

-20 

1.38 ■ 

1.47 

+6.5 

0 

.26 

0.28 

+7.7 

1.62 

1.41 

-13 

0 

.26 

0.22 

-15 

1.70 

1.48 

-13 

0 

.28 

0.23 

-18 

1.70 

1.77 

+4.1 

0 

.28 

0.39 

+39 

1.77 

1.55 

-12 

0 

.36 

0.58 

+61 

1.89 

1.6S 

-11 

0 

.40 

0.25 

-37 

1.99 

1.90 

-4.5 

0 

.74 

0.55 

-26 

2.07 

2.34 

+ 13 

0 

.86 

0.13 

-85 

2.42 

2.23 

-7.9 

0 

.96 

0.21 

-78 

4.90 

7.50 

+53 

Group means: 

0.40 0.27 -32 

Mean of % change, regardless of sign 37% 

1.95 

1.97 

-1.03 

19% 


* From the value of the urine before filtration. 


size of the change following filtration and the amount of 17-ketosteroid in the urine, 
applies in general as well to the pregnanediol series. 

DISCUSSION 

AA^hen one considers that the two values compared in this stud}' were obtained from 
single aliquots of urine, the amount of variation between them is not surprising and 
should not be disturbing. For clinical purposes there can hardly be any question of the 
value of using the ultrafiltrate of urine for a steroid determination, since the alternative 
of using separate 24 hour collections will be associated with variations at least as large 
as those resulting from the passage through collodion. In addition, the importance of 
such determinations for clinical purposes is not obviated by a loss or gain from the 
real value of roughly 20%. However, the difference from the true value as a result of 
filtration may be serious in certain areas of research where relatively small differences 
in output are anticipated, but this is to some extent minimized by the fact that the 
percentage change is more frequentl}' a large one almost only when one is dealing witli 
relatively small concentrations of steroid. If this is recognized, and data interpreted ac¬ 
cordingly, there is no reason why the method cannot be used, especially if the determina¬ 
tions are made on at least duplicate aliquots of the ultrafiltrate. It has thus been of in¬ 
estimable help in allowing us to perform a single experiment to determine simultaneously 
the effect of progesterone on gonadotrophin output, and the conversion of progesterone 
to pregnanediol in relation to the phases of the menstrual cycle. 
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SUiMMAUY 

The 17-ketostcroid and pregnaucdiol content of human urine after ultrafiltration 
through collodion is shown to vary from the content of these steroids in the unfiltered 
urine within limits small enough to allow the ultrafiltrate to be used for the determina¬ 
tion of excretion levels of these substances. 

luVING RoTHCHILD 

With the tcchuical assistance of Betty Greene and Lois AYilkening 
Department of Gynccologii and Obstetrics 
Ohio State Univcrsily College of Medicine 
Cohnnbus 
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THE 1953 ANNUAL MEETING 

The Thirty-fifth Annual Meeting of The Endocrine Society will be held 
in the Hotel Statler, New York, New York, Thursday, Friday, and Satur¬ 
day, May 28-29-30, 1953. 

The Committee on Local Arrangements is Dr. Earl T. Engle, Chairman, 
with Drs. Rulon W. Rawson and Sidney C. Werner as members of the 
Committee. 

All Scientific Sessions will be held in the Hotel Statler. The rooms in 
which each session will be held wdll be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, May 
29, at 7:30 p.m., preceded by cocktails at 6:30 p.m. 

All members are urged to make hotel reservations immediately inasmuch 
as the hotels expect to be filled to capacit 3 ^ Reservations should be made 
directly with the Hotel Statler, advising time of arrival and departure 
date. Make your reservations now^ and avoid disappointment. 


1953 AWARDS AND FELLOWSHIPS 

Awards and Fellowships presented by The Endocrine Society carry no obligation 
by the recipient to the Society or to the donors. 

FELLOWSHIPS 

Society Fellowships are designed to assist men or women of exceptional 
promise in furthering their educational training and advancement toward 
a scientific career in endocrinology. Fellow^ships may be awarded to an in¬ 
dividual who possesses the Ph.D. or M.D. degree or to a candidate for 
either of these degrees. The stipend, wdiich will not exceed 85,000, may be 
divided into two Fellowships in varying amounts in accordance with the 
qualifications of the appointee. The Committee will, in reviewing the pro¬ 
posed program of study, consider the amount of time which the Fellow 
intends to spend in course wmrk and/or teaching. He must present evi¬ 
dence of scientific ability as attested by studies completed or in progress 
and/or the recommendation of responsible individuals. He must submit a 
program of proposed study, indicate one or more institutions wdiere the 
proposed program will be followed, and submit statements of approval 
from the investigators with whom he proposes to conduct his research. 
He must serve full time if awarded a Fellowship. A small amount of time 
(10 to 15 per cent) may be allotted for course work or for participation m 
teaching, the latter purely on a voluntary basis. 
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THE AYERST, jMcKENNA AND HARRISON FELLOWSHIP 

Tills Fellowship will not be awarded in 1953 .in order that it may ac¬ 
cumulate toward a So,000 Fellowship to be awarded in 1954. 

THE SCHERING FELLOWSHIP IN ENDOCRINOLOGY 

The Schering Fellowship in Endocrinologj'- was established in 1949 and 
the first recipient was Dr. D. Laurence Wilson in 1950. Dr. John D. Stoekle 
was chosen as the recipient of the 1951 Fellowship. Inasmuch as he was 
unable to accept due to a call to militaiy sei-vice, the same Fellowship 
was reawarded in 1952 to Dr. C. L. Courtright. The 1953 Schering Fellow¬ 
ship will be in the amount of $5,000 and will henceforth be given in the 
same amount on alternate years. 

AWARDS 

THE SQUIBB INSTITUTE FOR MEDICAL RESEARCH AWARD 

This Award of SI,000 was established in 1939 b}" The Squibb Institute 
for Medical Research and was given first in 1940 to Dr. George W. Corner; 
in 1941 to Dr. Philip E. Smith; in 1942 to Dr. Fred C. Koch; in 1944 to 
Dr. E. A. Dois}'’; in 1945 to Dr. E. C. Kendall; in 1946 to Dr. Carl G. 
Hartman; in 1947 to Drs. Carl F. and Gerty T. Cori; in 1948 to Dr, Fuller 
Albright; in 1949 to Dr. Herbert M. Evans; in 1950 to Dr. C. N. H. Long; 
and in 1951 to Dr. J. B. Collip. No Award was given in 1943. This Award 
was increased to the amount of $2,500 beginning with the 1952 Award and 
the recipient was Dr. James H. Means. A special committee of five mem¬ 
bers of the Society selects the recipient from among investigators in the 
United States or Canada, on the basis of outstanding contributions to 
endocrinolog 3 % 

THE CIBA AWARD 

The Ciba Award, to recognize the meritorious accomplishment of an 
investigator not more than thirty-five years of age in the field of clinical 
or pre-clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the Award w^as presented to Dr. E. B. 
Astwood; in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoff¬ 
man; in 1947 to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; in 1949 to 
Dr. George Sayers; in 1950 to Dr. Oscar M. Hechter; and in 1951 to Dr. 
Albert Segaloff. Effective in 1952, the Award was increased from $1,200 
to $1,800 and the recipient was Dr. Seymour Lieberman. If within twenty- 
four months of the date of the Award, the recipient should choose to use 
it toward further study in a Laboratory other than that in which he is at 
present working, it will be increased to $2,500. 
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NOMINATIONS 

Each member has the privilege of making one nomination for each 
Fellowship or Award. A nomination should be accompanied by a state¬ 
ment of the importance of the nominee’s contributions to, or interest in, 
endocrinology and by a bibliography of the nominee’s most important 
publications, with reprints if possible. The nominations should be made on 
special application forms which may be obtained from the Secretary, Dr. 
Henry H. Turner, 1200 North Walker Street, Oklahoma City, Oklahoma, 
and returned to him not later than March 1, 1953. 


THE AMERICAN GOITER ASSOCIATION 

1953 ANNUAL MEETING 

The 1953 Annual Meeting will be held May 7, 8 and 9, 1953, in the 
Drake Hotel, Chicago, Illinois. The program for the three day meeting will 
(consist of papers and discussions dealing with goiter and other diseases of 
(he thyroid gland. 
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COiMPARATIVE EFFECT OF ACTH, CORTISONE AND 
DCA ON RENAL FUNCTION, ELECTROLYTE EX¬ 
CRETION AND WATER EXCHANGE IN 
NORMAL DOGS 

JAMES 0. DAVIS and DAVID S. HOWELL 

With the technical assistance of Jkanne Brown and James Burch 
From the Section on Kidney and Electrolyte Metabolism, National Heart Instilvte, 
National Instilnlcs of Health, U. S. Public Health Service, Federal Security 
Agency, Bethesda, Maryland 

T he inadequacies of our knowledge of the role of adrenocortical hor¬ 
mones in the regulation of electroLde and water metabolism are be¬ 
coming increasingly apparent (Gaunt, et at, 1949; Ingle, 1950; Sayers, 
1950). Extensive and numerous observations on the action of DCA have 
been reported (Ragan, et al., 1940; Ferrebee, et al., 1941; Mulinos, et al., 
1941; Zierler and Lilienthal, 1948; Gaudino and Levitt, 1949; Davis, et 
al., 1951; Luft and Sjogren, 1952; Sjogren, 1952), but data on the effect 
of ll,17-oxJ^steroid hormones in the dog are meager (Thorn, et al., 1941; 
Davis, et al., 1951; Roberts and Pitts, 1952). Tlie latter studies were with 
cortisone and observations with ACTH are necessary before adequate 
evaluation of the relation of the ACTH-adrenocortical S 3 '’stem to salt 
metabolism can be made. An important consideration which has been 
neglected in most studies with ACTH and cortisone in the dog and rat is 
the role of glomerular filtration rate in the regulation of salt and water ex¬ 
cretion. As demonstrated in this report, data on alterations in the rate of 
glomerular filtration are essential for satisfactory evaluation of electrolyte 
excretion during hormone administration. 

The present study was undertaken to help clarify the relation of adreno¬ 
cortical hormones to salt and water metabolism. The salt retaining effects 
of ACTH, cortisone, and DCA have been compared and the relation of 
glomerular filtration rate to changes in electrolyte excretion and water 

Received for publication September 30, 1952. 
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exchange has been studied. Since the response to adrenocortical hormones 
differs among species, the results in the dog have been compared with 
those obtained previously in man (Zierler and Lilienthal, 1948; Daugha- 
day and MacBryde, 1950; Alexander, ei al., 1951; Ingbar, et al., 1951; Luft 
and Sjogren, 1952; Sjogren, 1952) and rat (Rice and Richter, 1943; Ingle, 
et al., 1946; Bergner and Deane, 1948; Boss, et al., 1950). 

MATERIALS AND METHODS 

ACTH, cortisone, and DCA were administered to four normal female mongrel dogs. 
After a 2 to 3 week control period, these hormones were given successively for intervals 
of 5 to 31 daj"s; a recovery period was allowed following each hormone injection period. 
A saline solution of ACTH^ was injected intramuscularly ever 3 '^ six hours whereas saline 
suspensions of cortisone acetate and DCA in oil were given intramuscularly once daily. 
Approximate doses of 2.1 and 6.3 mgm./kg./daj’^ of ACTH and 2.1 and 4.2 mgm./kg./day 
of cortisone were emplojTd for dogs 1 and 2, but dogs 3 and 4 received the larger dose 
only (Figures 1-4). All four animals received approximatel}’^ 1.0 mgm./kg./day of DCA. 
Two levels of sodium (Na) intake (0.5 and 3.3 m.Eq./kg./day) were given during corti¬ 
sone administration to dog 3 and during injection of all three hormones in dog 4; other¬ 
wise, observations were made during the higher level of Na intake. 

Glomerular filtration rate (GFR) and effective renal plasma flow (RPF) were deter¬ 
mined in the postabsorptive state bj"- measuring the renal clearances of creatinine 
(Ccr) and para-aminohippurate (Cpah) respectively. Renal clearances were measured 
from 3 to 5 hours after hormone administration. During the renal function studies, 
blood was drawn for determination of plasma electrolytes and arterial plasma carbon 
dioxide content. T-1824 djT space was measured and circulating eosinophils enumerated. 
Femoral arterial blood pressure was determined following the renal clearance procedure. 

The dogs were kept in metabolic cages except during experimental procedures. 
Sodium, potassium (K), chloride (Cl), nitrogen (N), and water balance studies were 
made according to methods reported previouslj’^ (Davis and coworkers, 1952). A syn¬ 
thetic diet consisting of 80 Cal./kg./day was force fed so that intake was constant 
except during vomiting or parenteral administration of additional electrolytes. Water 
was allowed ad libitum. 

The experimental procedures and chemical methods have been described elsewhere 
(Davis, et al., 1952) with these exceptions: (1) plasma Cl in dogs 3 and 4 and the Cl 
content of food and feces were determined by a modified Volhard technique, (2) the 
carbon dioxide content of arterial plasma was measured manometrically bj" the method 
of Van Slyke and Neill (1924), and (3) for the eosinophil counts, a mixture of propylene 
gljmol and phloxine was used as a diluent (Speirs and Me 3 mr, 1949). 

RESULTS 

Alterations in renal hemodynamic function were qualitatively similar 
for all three hormones (Figs. 1-3). The response consisted of an increase 
in GFR and RPF while filtration fraction (FF) fell. Renal blood flow was 
also elevated since hematocrit remained at the control level. The magni¬ 
tude of the effect varied considerably among animals as well as with the 

1 The ACTH was the ACTHAR product of Armour Laboi'atories; each unit was 
equivalent to 1 mgm. of the lyophilized standard LA-l-A. 
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hormone administered. Tiie response was greatest with cortisone, least 
with DCA, and moderate with ACTH. The most marked elevations oc¬ 
curred in dogs 1 (Fig. 1) and 3 in wliich renal function increased after 
a single injection of eacli hormone. The least response resulted in dog 2 
(Fig. 2) in which renal function was not detectably altered during ACTH 
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Fig. 1. The effect of ACTH, cortisone, and DCA on renal function and metabolic 
balances in a 24 kg. dog. Values for Ccn and Cpah were plotted as open and solid columns 
respectively from a horizontal line which represents the control level. Each value is the 
average of 3 postabsorptive clearance periods. The convention for the balances is as 
follows: (1) intake was plotted downward from the zero line, (2) output was plotted 
upward from intake line, (3) solid black areas represent total balances, and (4) the cross- 
hatched areas show fecal excretion. Consequently, solid black area above the zero line 
indicates negative balance and black area below the zero line represents positive balance. 


administration, and a slight elevation occurred only after several days of 
cortisone or DCA. In dog 4, GFR and RPF were increased after a single 
injection of ACTH and cortisone; no apparent difference was observed 
between the effect on low and high Na intake. DCA failed to increase renal 
function in dog 4 even after prolonged administration on a high Na in¬ 
take. 



248 


DAVIS AND HOAYELL 


Volume 52 


Another striking effect of these hormones was the increase in water ex¬ 
change. The typical response (3 of 4 dogs) to ACTH and cortisone was au 
increase in water turnover from about J to approximately 2 L./day (Figs. 
2 and 3) but in dog 1 Avater excliange reached 6 to 7 L./day (Fig. 
1). In this dog, the magnitude of water turnover showed a high positive 
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Fig. 2, Alterations in renal function, water e.xchange, electrolyte balances, and plasma 
electrolytes during ACTH, cortisone, and DCA administration to a 24 kg. dog. The 
horizontal line from which values for plasma electrob-tes are plotted represents the 
average control value. See Figure 1 for the convention for the balance plots and otlier 
symbols. 


correlation with the level of GFR for all three hormones and the onset of 
polyuria preceded the development of polydipsia. The response to DCA 
was less variable among the animals and a diabetes insipidus-like state oc¬ 
curred in all cases on a high salt diet (Figs. 1-3). The lev’^el of Tvater ex¬ 
change was independent of Na intake during cortisone administration 
(cases 3 and 4; see Fig. 3), but DCA had no influence on water turn¬ 
over on a low Na intake (dog 4) (Fig. 3). The effect of Na intake on 
water exchange during ACTH administration was equivocal (Fig. 3). 
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The first 1 or 2 chiys of ACTH and cortisone injections were accom¬ 
panied by salt loss in dogs 1, 3, and 4; GFR was elevated initially in these 
three dogs lint not in dog 2 (Figs. 1-3). Salt retention resulted during the 
corresponding period on DCA. TJiereafter, Na and Cl balance was main¬ 
tained on ACTH, cortisone, and DCA although wide daily fluctuations in 
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Fig. 3. Renal function, Na balance, and water exchange in a 22 kg. dog given ACTH, 
cortisone, and DCA during a low and a high Na intake. For a description of symbols and 
convention for the balances, see Figure 1. 


Na and Cl excretion occurred during prolonged cortisone administration 
(Fig. 1). Fecal Na excretion was unaffected by ACTH and cortisone 
but DCA effected a slight depression which was followed by an elevation 
during the recovery period in cases 2 (Fig. 2) and 3. 

Urinary K excretion increased initially with all three hormones during 
high salt intake; later, the influence of cortisone became negligible and K 
loss during ACTH and DCA diminished (Figs. 1, 2, and 4). In dog 4, 
the initial loss of K also occurred on a low salt diet with ACTH, but corti¬ 
sone and DCA failed to produce a negative K balance unless salt intake 
was high. The greatest increase in fecal K output accompanied DCA but 
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an elevation also occurred with ACTH except in case 3; cortisone was with¬ 
out effect. 

Negative K balance was most marked with DCA which resulted in a 
metabolic alkalosis in all instances except during low salt intake in dog 4 
(Figs. 1, 2, and 4). After 8 to 10 days of DCA injections, dogs 1 and 2 
exhibited signs of K deficiency including generalized muscle weakness, 
nystagmus, lassitude, abdominal distention, and vomiting. In contrast, 
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Fig. 4. Potassium balance, plasma K, and arterial plasma CO 2 during ACTH, 
cortisone, and DCA administration on a low and a high Na diet. Values for plasma K 
and arterial plasma CO 2 were plotted from a horizontal line which represents the control 
level. The convention for K balance has been given with Figure 1. 

dog 4 was given DCA for 18 days without clinical evidence of K deficiency 
although plasma K dropped to 1.9 m.Eq./L. (Fig. 4). Plasma K and 
water exchange became progressively more abnormal as long as DCA was 
given, but in dog 4 plasma CO 2 reached a maximum after 11 days and re¬ 
mained unchanged until DCA was discontinued. Hypochloremia occurred 
during the DCA alkalosis in dogs 1-3 (see Fig. 2) but not in dog 4. 
Plasma Na was elevated during DCA administration in all but dog 2. 
ACTH and cortisone did not detectably alter plasma electrolytes. 

A negative nitrogen balance occurred throughout ACTH and cortisone 
administration but the only consistent effect of DCA was increased N ex- 
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cretioii on the first day of injection. Circulating eosinophils decreased or 
disappeared during injection of ACTH and cortisone in dogs 1, 2, and 4; 
in dog 3, repeated studies before and after ACTH administration failed to 
reveal a decline in eosinophils and the effect of cortisone was less than in 
the other cases. T-1S24 d 3 ’'e space, hematocrit, plasma proteins, and fem¬ 
oral arterial blood pressure were not detectably changed. Heart rate in¬ 
creased onlj’’ during the alkalosis with DCA. 

DISCUSSION 

The typical response in the renal circulation to ACTH, cortisone, and 
DCA was an increase in the flow of blood through the kidne 3 ''. Renal ar¬ 
teriolar dilatation was indicated b 3 ’’ the finding of elevated renal blood 
flow while arterial pressure remained at the control level. The response in 
renal function was observed from 3 to 5 hours after a single injection for 
all three hormones in dogs I and 3. This observation ma 3 '’ indicate that the 
initial rise in renal function was effected b 3 '^ an action on the renal ar¬ 
terioles. The sustained elevation in renal function may also have resulted 
in part from a direct renal effect. On the basis of available data, the re¬ 
sponse to ACTH and cortisone cannot be related to expansion of the ex¬ 
tracellular fluid volume as has been suggested for DCA b 3 '' Gaudino and 
Levitt (1949) since the initial effect of ACTH and cortisone was a natri- 
uresis and balances for salt and water were never positive. However, the 
possibility that ACTH and cortisone can effect a shift in fluid from the 
intracellular to the extracellular compartment as reported by Levitt and 
Bader (1951) has not been excluded. 

The pattern of renal functional changes in the dog differs slightly from 
that found for man (Alexander, et al., 1951; Ingbar, et al., 1951). In both 
species, GFR and RPF ma 3 ’' be elevated by ACTH and cortisone but in 
man FF is usuall 3 '^ increased whereas in the dog it is reduced. In the rat, no 
significant alteration in GFR was noted during injection of cortisone (Cot- 
love, unpublished data), but DCA has been reported to decrease GFR 
slightly (Boss, et al., 1950); these studies were not accompanied by meas¬ 
urements of RPF. 

Water exchange was increased by all three hormones but the phenome¬ 
non produced by DCA appeared to differ from that with ACTH and corti¬ 
sone both quantitatively and qualitatively. A diabetes insipidus-like state 
occurred with DCA only, except in dog 1 in which water exchange was 
markedly elevated with both ACTH and cortisone. In this animal the 
high positive correlation between the level of GFR and water exchange 
may indicate that GFR played a role in the development of the diabetes 
insipidus-like state. Also, in dog 1 the primary pol 3 mria during both 
ACTH and cortisone administration may be a reflection of the initial eleva- 
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tion in GFR. During injection of cortisone, water turnover was unaffected 
by changing the level of Na intake, whereas, as shown previously by 
Mulinos and associates (1941) for the dog and by Rice and Richter (1943) 
for the rat, the level of water exchange during DCA is a function of salt 
intake. In man, the level of water turnover is uninfluenced by ACTH, cor¬ 
tisone, or DCA (Prunty, ei al., 1948; Zierler and Lilienthal, 1948; Daugha- 
day and MacBryde, 1950; Sprague, ei al., 1950; Alexander, ei al., 1951; 
Sjogren, 1952). 

Distortion of the plasma electrolyte pattern and development of al¬ 
kalosis which frequently results during ACTH or cortisone administration 
in man (Prunty, ei al., 1948; Sprague, ei al., 1950; Sjogren, 1952) failed to 
occur in the dog. The duration of ACTH administration may have been too 
short to result in alkalosis, but the dose and duration of cortisone injection, 
were sufficient to demonstrate a negative result. The negative K balance 
which occurred during ACTH and cortisone was probably a reflection of 
increased tissue catalDolism since a concomitant loss of N resulted. The 
data indicate that the marked K depletion which accompanied DCA re¬ 
sulted from a different mechanism. It seems unlikely that K loss and al¬ 
kalosis during DCA administration were a passive consequence of Na re¬ 
tention as has been proposed bj'- Selclin and coworkers (1951) since Na 
retention lasted from 1 to 2 days only whereas a negative K balance was 
present throughout DCA administration. A more plausible explanation is 
that K depletion was the primary event. Under this circumstance, it has 
been suggested by Cooke, ei al. (1952), that hydrogen ions move intracellu- 
larly with Na in exchange for K and result in alkalosis. Also, K ions may 
be less available for distal tubular exchange for Na than normally so that 
sufficient hydrogen ion secretion by the kidney occurs to prevent disap¬ 
pearance of the alkalosis (Berliner, Kennedy, and Orloff, 1951). Failure of 
alkalosis to develop with DCA during low salt intake has been reported 
previously b}'- Seldin and associates (1951) and is apparently related to 
inadequate anion excretion. Excessive loss of K by the fecal route may in¬ 
dicate a direct influence of adrenocortical hormones on the intestinal mu¬ 
cosal transport of electrolytes (Dennis and Wood, 1940). 

The effect of adrenocortical hormones on salt excretion also vanes 
among species. An initial natriuretic and chloruretic action has been re¬ 
ported during administration of ACTH to man (Forsham, ei al., 1948) and 
rat (Ingle and associates, 1946; Bergner and Deane, 1948), but the 
salt retention which follows the initial period in man has not been observed 
in the rat. In the present study in the dog, both ACTH and cortisone pro¬ 
duced an initial salt loss and, like the effect in the rat, Na retention did not 
occur later. It has been suggested that the negative balances for Na and 
Cl in man resulted from a temporary increase in 11,17-oxysteroid secretion 
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before the effect of DCA-like hormones became manifest (Forsham, et al., 
1948). In tlie dog, it seems more likely that salt loss resulted from elevated 
GFR; the natriuresis occurred only in the three dogs with an initially in¬ 
creased GFR and not in the other animal in which GFR remained at the 
control level. 

In contrast to the initial effect of ACTH and cortisone on salt excretion 
in the dog, DCA resulted in Na retention in spite of elevated GFR in two 
of the four dogs. This finding indicates that the Na retaining effect of DCA 
is greater than that of cortisone or adrenocortical hormones released by 
ACTH at the dosage levels employed. The effect of DCA on electrolyte 
metabolism appears to be similar in dog and man except that negative 
Na and Cl balances have been I'eported in man following prolonged (34-60 
da}^s) administration (Sjogren, 1952). 

After the mitial response, salt balance was maintained during administra¬ 
tion of all three hormones. GFR was frequently elevated so that increased 
tubular reabsorption of Na and Cl can be inferred in these instances. 
It is not certam from these data whether ACTH stimulated secretion 
of hormones promoting Na and Cl reabsorption l)y the renal tubules 
or if salt balance was achieved by another mechanism. A salt retaining 
effect of cortisone in the normal dog was likewise equivocal. In the ad- 
renalectomized dog, however, cortisone appears to have a direct renal 
tubular action to conserve Na. Roberts and Pitts (1952) found a marked 
reduction in the renal excretion of Na while GFR remained at the control 
level. Also, • adrenalectomized dogs have been maintained in excellent 
health for several weeks on cortisone alone (Swingle, et al., 1952; Howell 
and Davis, unpublished data) although a low Na and a high K concentra¬ 
tion in the plasma frequentlj' occurred even on high doses of cortisone. The 
finding that a low plasma Na was associated with a negative Na balance 
(Howell and Davis, unpublished observations) and the present compara¬ 
tive data with DCA suggest that cortisone is a weak Na retaining com¬ 
pound. If ACTH stimulated secretion of adrenocortical salt retaining hor¬ 
mones, failure of salt retention might be an indication that their weak 
salt retaining action was overbalanced by elevated GFR. 

It is evident from the foregoing discussion that the role of the ACTH- 
adrenocortical system in the regulation of salt metabolism has not been 
clearly defined. In man, it seems fairly certain that ACTH stimulates se¬ 
cretion of adrenocortical hormones which influence the renal tubular- 
transport of electrolytes (Ingbar and associates, 1951), but in the dog and 
rat, the situation may differ. In addition to the observations with exoge¬ 
nous ACTH, studies during salt restriction have demonstrated that the 
response in hypophysectomized dogs differs from that in patients with 
panhypopituitarism. These patients show impaired ability to conserve 
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Na; in the report of Stephens (1940), a low plasma Cl ’(Na not measured) 
and evidence of acute adrenocortical insufficiency developed within three 
days. In contrast, the hypophysectomized dogs studied by Earle and co¬ 
workers (1951) failed to show a drop in plasma Na during ingestion of a 
1 to 2 m.Eq./day Na diet for three weeks. More recently, Eolf and as¬ 
sociates (1952) reported that hypophysectomized dogs on a low Na intake 
lost slightly more Na than normal dogs, but 2 to 5 weeks were required 
before plasma Na fell. These experiments and studies with .exogenous 
ACTH indicate that anterior pituitary control of adrenocortical salt regu¬ 
lating function differs in dog and man. Additional observations of electro¬ 
lyte metabolsim in the hypophysectomized dog are needed to determine 
the exact nature of this difference. Cjdochemical studies of the adrenal cor¬ 
tex in the dog under circumstances similar to those reported for the rat 
(Deane, 1949) may also help to clarify this important aspect of anterior 
pituitary and adrenocortical physiology. 

SUMMARY 

The response to ACTH, cortisone, and DCA was studied successively for 
variable-periods in four female mongrel dogs. GEE and EPF increased 
with all three hormones (except with ACTH in one dog and DCA in 
another). The immediate effect of these hormones may be a reflection of 
an action on the renal arterioles. Water exchange was increased by all 
three preparations. The diabetes insipidus-like state produced by DCA was 
dependent upon a high Na intake, wdiereas increased water turnover of 
lesser magnitude occurred wdth ACTH and cortisone on both low and high 
Na diets. A negative K balance resulted wuth ACTH, cortisone, and DCA 
but marked K depletion and alkalosis accompanied DCA and a high salt 
intake only. Fecal K excretion was increased greatly by DCA and slightly 
by ACTH (3 of 4 dogs) but cortisone was wdthout effect. The first 1 or 2 
days of ACTH and cortisone administration wmre accompanied by salt 
loss in 3 of the 4 dogs; since GFE was initially increased in these three but 
not in the fourth animal, a causal relationship bet'ween elevated GFE and 
the negative balance is suggested. Salt retention resulted during the cor¬ 
responding period on DCA. Thereafter, balance was maintained during 
administration of all three hormones in spite of a high GFE. Although it 
is uncertain ivhether ACTH stimulated secretion of hormones promoting 
Na and Cl reabsorption bj^' the renal tubules, the effect of ACTH and corti¬ 
sone on salt excretion in the dog differs from that reported for man. - 
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STUDIES ON THE INTERRELATIONSHIPS OF THE 
ADRENAL CORTEX AND RENAL AMMONIA 
EXCRETION BY THE RAT' 

OTTO W. SARTORIUS, DOROTHY CALHOON 
AND ROBERT F. PITTS 

Department of Physiology, State University of New York Medical Center at Syracuse, 

New York 

I T HAS been demonstrated recently that the renal capacity of the ad- 
renalectomized animal to secrete ammonium and hydrogen ions is de¬ 
ficient under normal conditions and under conditions of moderate to severe 
acid stress (Sartorius et al., 1952). Failure to salvage adequately fixed 
base from the tubular urine in exchange for hydrogen or ammonium ions, 
results not only in increased loss of base but in a disturbance of body acid 
base balance. These facts probably account for the chronic acidosis and 
the poor tolerance to acid stress commonly exhibited by animals with 
adrenal insufficiency. 

The present study -was undertaken (a) to determine the capacity of nor¬ 
mal and adrenalectomized animals to excrete ammonia and titratable 
acid when acutely subjected to mild and severe acid stress, (b) to assess 
the effects of desoxycorticosterone acetate and adrenal cortical extract 
on ammonia and titratable acid excretion by the adrenalectomized and 
normal rat, (c) to study the early excretory rates of these ion species after 
adrenalectomy in an effort to separate or to further link the renal tubular 
exchange mechanisms, and (d) to ascertain whether acidosis stimulates 
the adrenal cortex directly as evidenced by a lowering of the glandular 
content of cholesterol and of ascorbic acid. 

METHODS 

All experiments were performed on female Sprague Dawlej"^ rats weighing from 200 
to 250 grams. Animals were bilaterally adrenalectomized in one stage and were allowed 
a recover}’^ period of 7 to 10 days or more, except where otherwise specified. The operative 
procedure for the sham operated rats was the same as for those adrenalectomized except 
that following exposure and mobilization the glands were replaced to their normal posi¬ 
tion. Adrenalectomized rats were maintained on a high salt diet without further support¬ 
ing therapJ^ During the course of each experiment, animals were kept in wire mesh 
metabolism cages, so constructed as to prevent contamination of the urine with food 
or feces. In all acute experiments urine was expressed frdm the bladder by slight supia- 
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pubic piessure and collected under oil in small-necked containers in order to reduce 
evaporating surface. Adequate urine flows were obtained in acute experiments by the 
administration of 2 cc. of distilled water per 100 grams of body weight 15 minutes 
prior to the experiment. IVater or ammonium chloride as a 5% solution was adminis¬ 
tered by stomach tube. Desoxycorticosterone acetate in sesame oil was injected sub¬ 
cutaneously in dosages of a half a milligram per rat, IS hours prior to and 1 hour prior 
to the experiment. 

Urine pH was determined with a Cambridge Glass Electrode, titratable acid bj' 
electrometric titration of the urine to a pH of 7.40, urinary ammonia by Conway’s 
microdiffusion method (1942), adrenal cholesterol according to the method of Schoen- 
heiiner and Sperry (1934), and adrenal ascorbic acid bj' the method of Roe and Kuether 
(1943). 


RESULTS 

In order to quantitate more preciselj’- tlie relative deficiencies in capac¬ 
ity of the adrenalectomized rat to secrete ammonia and titratable acid, 
acute experiments were performed on normal, 2 weeks adrenalectomized, 
and 2 months adrenalectomized rats subjected to mild and severe acidosis. 
Production of a mild dilution acidosis was accomplished by the administra¬ 
tion of water alone in dosage of 2 cc. per 100 grams of body weight. A 
more severe acidosis was effected by the administration of ammonium 
chloride in dosage of 100 mg. per 100 grams of body weight dissolved in 
the same volume of fluid. Following an initial control period of one hour 
duration the acid load was imposed and the urine collected for four succes¬ 
sive hourly periods. The numbers of rats used in any experiment are indi¬ 
cated in parentheses on each chart. 

As is evident in Figure 1, normal rats excreted approximately 11.6 mi¬ 
croequivalents of ammonia per 100 grams of rat per hour during the con¬ 
trol period. With administration of water alone and the consequent pro¬ 
duction of a mild dilution acidosis, ammonia excretion rose gradually to a 
peak of 16 microequivalents. With the added stimulus of an acidifying 
agent, the excretory rate rose sharply, reaching an average level of 74.3 
microequivalents for the fifth hour. In sharp contrast with these levels 
are those of the adrenalectomized animals. From initial control levels of 
but 6.6 microequivalents of ammonia per 100 grams of rat per hour, there 
occurred an increase to but 8.9 microequivalents under water loading and 
a rise to only 41.1 microequivalents with acid loading. It is thus apparent 
that although the adrenalectomized rat is capable of increasing ammonia 
output under stimulation, there is a marked deficiency in its capacity to 
do so. That this deficiency is not dependent upon, or altered by the length 
of time following operation is suggested by the fact that two weeks post- 
adrenalectomized rats and the same group six weeks later exhibited prac¬ 
tically identical excretory rates for both ammonia and titratable acid. 

Titratable acid excretory rates for both normal and adrenalectomized 
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rats are shown in the upper right hand portion of Figure 1. From control 
rates of less than 0.2 microequivalent excreted per 100 grams of rat per 
hour, normal rats responded with an increase to 4.1 microequivalents when 
given a water load and to an average level of 24.4 microequivalents in the 



HOURS 


TIT/Datable acid excr. 




HOURS 


EFFECTS OF ADRENALECTOMY 



Fig. 1. The effects of adrenalectomj’' on the capacitj’’ of tlie acidotic rat to secrete 

ammonia and titratable acid. 


fifth hour tvhen acid loaded. A marked deficienc}'- in the capacity of the 
adrenalectomized rat to secrete hydrogen ions is apparent, for the maxi¬ 
mum excretion wdth -water loading was 0.64 microequivalent -while Avitli 
the imposition of an acid load an excretory rate of only 8.4 microequiva- 
lents was attained. The higher urinary pH of the adrenalectomized lat 
likewise reflects this defect. 
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In the lower right liand corner of Figure 1, tlie deficiency in capacity of 
the adrenalectomized rat to produce ammonia and titratable acid is made 
more apparent by plotting the output of these substances as a per cent of 
normal. It is quite evident that the adrenalectomized rat is capable of pro- 
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Fig. 2. The effect of desoxycorticosterone acetate on the capacity of the acidotic 
and adrenalectomized rat to secrete ammonia and titratable acid. 


ducing ammonia at a rate of only 50-60% of that of the normal animal, 
and that this deficiency remains relatively constant for both control and 
acidotic periods. The capacity of the adrenalectomized rat to form ti¬ 
tratable acid is even more limited, amounting to but 15 to 25% of that of 
the normal animal. 
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Fig. 3. The effects of desoxj'^corticosterone acetate on the capacity of the normal 
but acidotic rat to secrete ammonia and titratable acid. 


Since an approximate quantitation of the reduced capacity of the ad- 
renalectomized rat to secrete ammonium and hydrogen ions proved feasible 
by the administration of water or an acidifying agent in acute experi¬ 
ments, this technique was followed in assessing the activity of desoxycor- 
ticosterone acetate on the output of these ions species. Accordingly desoxy- 
corticosterone was administered subcutaneously in dosage of 0.5 mg. per 
rat 18 hours prior to and again 1 hour prior to each experiment. The effects 
of the administration of his hormone to adrenalectomized rats are shown 
in Figure 2. It is apparent that desoxycorticosterone increased appreciably 
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the renal output of ammonia and titratable acid, in the control periods, 
and in the presence of a mild or severe acidosis. The similarity of the ex¬ 
cretory rates of these ions by the adrenalectomized rat receiving desoxy- 
corticosteronc with the rates of the normal rat as shown in Figure 1 is 
striking. The fact that there is almost complete restoration to the normal 
is seen in the lower portion of Figure 2 where it is apparent that the ad¬ 
renalectomized rats receiving desoxj'corticosterone have increased then- 
capacity to secrete ammonia some 40% or to within 90 to 100% of the 
normal. Titratable acid is not represented on this chart since desoxycorti- 
costerone increased the control rate of excretion several fold in comparison 
with the normal. However, the restoration of acid secretory function, 
though considerable, is not so complete as tliat of ammonia secretion. 

With administration of desoxycorticosterone to the normal rat no in¬ 
crease in ammonia or titratable acid output is apparent. Indeed, almost 
identical excretory rates wei-e obtained (Fig. 3). In two additional ex¬ 
periments on adrenalectomized and noi-mal rats, adrenal cortical extract 
in dosage of 1 cc. per rat was administered subcutaneously IS hours prior 
to and again 1 hour prior to the start of tlie experiment. No significant 
difference was found between the effects of adrenal cortical extract and 
desoxj'-corticosterone on ammonia and titratable acid excretion. 

Inasmuch as 1) the adrenalectomized animal exhibited a greater capac¬ 
ity to secrete ammonia than hydrogen ions, and 2) desoxycorticosterone 
acetate or adrenal cortical extract was found capable of restoring these 
capacities to normal, it seemed profitable to investigate the temporal ap¬ 
pearance of these deficiencies after acute bilateral adrenalectomy. Accord- 
ingty, experiments were performed in which all animals were either sham 
operated or adrenalectomized after the collection of two control periods. 
At the time of the operative procedure the animals were given 2 cc. of water 
per 100 grams body weight or ammonium chloride in dosage of 1 mg. per 
gram of body weight in a similar amount of rvater. In those experiments in- 
vohdng the administration of an acid load, a similar dose of ammonium 
chloride was administered 42 hours prior to, 24 hours prior to, and 18 hours 
prior to the start of the experiment. Following the operative procedure, 
urine was collected at 2 hour intervals for 12 successive collection periods. 

It is apparent that ammonia and titratable acid excretory rates for both 
the sham operated and adrenalectomized animals rose sharply following 
the administration of an acid load (Fig. 4). The adrenalectomized rats, 
however, attained peak excretory rates at an earlier time and at lower 
values than did the intact rats. As was expected, the deficiency in capacity 
of the adrenalectomized rat to excrete titratable acid was of greater magni¬ 
tude than the deficiency in capacity to excrete ammonia. With admin¬ 
istration of a water load, similar deficienceis were noted. 
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Fig. 4. The early time courses in the capacities of the sham-operated normal and 
acutely adrenalectomized rat to secrete ammonia and titratable acid. 

It remained to be demonstrated that ammonium chloride actually stimu¬ 
lates the adrenal cortex. Evidence for stimulation of the adrenal cortex 
was obtained by administering ammonium chloride and then periodically 
assaying the adrenal cortices for their content of cholesterol and ascorbic 
acid. Urine collections were obtained at similar time intervals in order to 
compare the time of peak ammonia and titratable acid outputs with the 
time of minimum glandular cholesterol content. 

As may be seen in Figure 5, the average cholesterol content fell from a 
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control level of 0.778 mg. i^er 100 grams of body weight to a low of 0.514 
mg. four hours after the administration of 1 mg. of ammonium chloride 
per gram of bod}^ weight.. Peak ammonia and titratable acid excretion oc¬ 
curred six hours after the administration of the acid load. Ascorbic acid 
content of the adrenal gland fell from control values of 5.5 mg. per 100 
grams body weight to a low of 4.54 mg. two hours after the acid loading 
and then gradually rose to somewhat elevated values. 



Fig. 5. The effects of ammonium chloride and ammonium chloride plus desoxj'cor- 
ticosterone acetate on the adrenal cholesterol and ascorbic acid content of the rat. 


DISCUSSION 

It is well established that the untreated adrenalectomized animal loses 
excessive quantities of sodium and chloride in the urine and in consequence 
suffers reduction in the plasma concentrations of these ions and in the vol¬ 
ume of extracellular fluid as well (Loeb, 1932; Harrop et al., 1933, 1936). 
However, an additional quantity of base is lost because of a relative de¬ 
ficiency in renal capacity to secrete hydrogen ions and ammonia (Jiminez- 
Diaz, 1936; Sartorius et al., 1952). This deficiency accounts for the mild 
to moderate acidosis (reduction in bicarbonate bound base) of the ad- 





COMPARISON OF POTENCY OF DIFFERENT ACTH 
PREPARATIONS BY INTRAVENOUS AND SUBCU¬ 
TANEOUS ROUTES OF INJECTION 

ROBERT W. BATESi 

From the Sqxdbh Institute for Mediccal Research, New Brunswick, Neiv Jersey 

M any papers that indicate the existence of multiple ACTH factors 
have been published. Astwood (1952) and Reinhardt, Geschwind 
and Li (1951) have reviewed these papers recently. Most of the eivdencefor 
two or more factors is based on quantitative differences in potency of 
preparations when assaj'^ed on the one hand bs’’ the ascorbic acid depletion 
method of Saj'-ers, Sayers and AVoodbuiy (1948) after intravenous injection 
(one hour test) and, on the other hand, by increase in adrenal weight or 
histological changes after subcutaneous injection (3-4 da 3 '^s). 

Because of the differences in experimental method described in these 
reports, e.g., in route of injection, duration of treatment, and end point 
observed, the following experiments, in which only the route of injection 
was varied, were carried out. Hypophysectomized rats were injected sub¬ 
cutaneously or intravenously with two different types of preparations of 
ACTH. The left adrenal gland was removed one hour and the right ad¬ 
renal two hours later for determination of the ascorbic acid content. It was 
found first, that a 100 to 1000 times larger dosage maj’' be required subcu- 
taneousty than intravenously^ to cause a significant ascorbic acid depletion 
and second, that there was a large difference in the potency'" estimates with 
two different types of ACTH preparations depending upon the route of 
injection. 

METHODS 

Groups of male rats from Hormone Laboratories, Chicago, approximatelj’ 40 hours 
after hj^pophy^sectomj'' were injected either inti’avenously (nembutal anesthesia) or 
subcutaneouslj'^ (no anesthesia) with 0.5 ml of aqueous solution of ACTH at 3 or more 
appropriate dosage levels, which cause a 20-50% ascorbic acid depletion. Under ether 
anesthesia, at one hour after injection, the left adrenal was removed, trimmed, weighed 
and placed in metaphosphoric acid solution. Two hours after injection the rats were 
killed with chloroform and the right adrenal removed and treated as rvas the left adrenal. 
Ascorbic acid content was determined b 3 '^ the method of Mindlin and Butler (1938). 
There were at least 3 rats at each dosage level. 

ACTH PREPAHATIONS 

Frozen hog pituitary glands 3 vere ground and extracted twice at pH 2.8 
using sulfuric acid and a solvent medium of 20% ethanol. The combined 
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extracts were concentrated in vacuo lo a volume of about, 100 ml./lb. and 
an equal volume of acetone added. The precipitates that formed were re¬ 
moved and found to have little potency. Tlie clear 50% acetone solution 
was run through an IR-r20 column in t he acid cycle. To the acid effluent 
from the column with a jilT of about. 1.0, t wo volumes of anhj’-drous ace¬ 
tone were added slowly, witli stirring, making tJie acetone concentration 
about S4% by volume. The gumim' protein precipitate which formed, was 
redissolved in a minimum volume of water and poured into 20 volumes of 


T.\BI,E 1. ShOWI.VG the llEI..\TIVr. I’OTEN’CV or ACID, A, AND BASIC, B, ACTU 
riiEI'AIlATIONS WHEN ASSAYED BY TWO IlOUTES OF INJECTION 


(I) 

(2) 

Dos.nge lo c.tuso 20% 

A. A. depletion 

(3) 

Dosage ratio 
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E 3A 

0.33 
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300 


E 13B 

0.33 
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100 
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11.1 
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1.0 

27 

IS 
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0.04 

50 

1250 

10.4 

D 13B 

0.25 

30 

120 

C 12A 

0.1 

125 

1250 

6 

C 15B 

0.2 

50 

250 


acetone. The flocculent white precipitate of ACTPI was removed by de¬ 
cantation and centrifugation and thoroughly dried with acetone. Such 
preparations in general are soluble at all pH’s in H 2 O and have a potency 
of 2-6 i.xj./mg. They are indicated as A preparations in Table 1 and Figures 
1 and 2. P 327A had a higher potency'’ because it had been refractionated 
in acid acetone. 

The gland residue, after the second extraction above, was suspended in 
ethanol in an amount that resulted in an ethanol concentration of 65-70% 
by volume and NaOH added until the pH (glass electrode) was 9.5-10. 
The third and fourth extracts were made under these conditions, which 
were those used by Bates and Riddle (1935) to extract prolactin from bo¬ 
vine pituitaries. The extracts were neutralized to pH 6 and 2 volumes of 
ethanol added to precipitate the ACTH and other proteins. The precipi¬ 
tate was then extracted twice with 50% acetone at pH 9 and the extract 
adjusted to pH 3 where another precipitate was removed and re-extracted. 
The pH 3, 50% acetone soluble fraction was then deashed by use of an 
IR-120 resin column as for the first and second extracts but the effluent 
was made up to 90-95% acetone at once. The white precipitate was dried 
and contained the ACTH from the third and fourth or alkaline extracts. 



268 


BATES 


Volume 52 


Such preparations are insoluble in water between pH 3.5 and 6.5 and usu¬ 
ally have a potency of 1 to 2 i.u./mg. They are indicated as B preparations 
in Table 1 and Figures 1 and 2. 



Fig. 1. Showing quantitative dififerences between two ACTH preparations 
injected by different routes. 



Fig. 2. Showing quantitative differences between two ACTH preparations 
injected b}-^ different routes. 
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IIKSULTS 

Four comparisons were made bel.ween A exlracls wliicli were acid ex¬ 
tracts and B extracts whicli were basic or alkaline extracts. A comparison 
of the effect of two pairs of these ])reparations upon the ascorbic acid levels 
in the adrenal when injected intravenously and subcutaneously are shown 
graphically in Fifriircs 1-2. In both cases it. can readily be seen that the 
A fractions are more potent than t he B fractions bj" intravenous injection. 
In contrast, when given subcutaneously, the B preparations cause an equal 
or greater depletion of ascorbic acid than the A preparations. 

Another highly significant, fact, shown in these figures is that the subcu¬ 
taneous dosage required to cause 20-50% depiction of ascorbic acid is 100 
or more times greater than the intravenous dosage. It is apparent from the 
figures that the slopes of the dosage response lines with different prepara¬ 
tions are not always parallel especiallj’- when the subcutaneous route of in¬ 
jection is used. 

In general, the ascorbic acid levels of the adrenals two hours after in¬ 
jection are slightly higher than after one hour indicating that the adrenal 
ascorbic acid level is beginning to return towards the control level. The 
ascorbic acid levels at the two time intervals are confirmatory of each 
other so that the comparisons may be considered as being carried out in 
duplicate. The two time intervals were used because we had previously 
fomid that the fall in ascorbic acid level after ACTH was injected intra¬ 
venously was maximum in 10 to 15 minutes whereas it was not maximum 
until about one hour after ACTH was injected subcutaneously. It was 
thought desirable to consider time differences in the experiment due to the 
different rates of action of the ACTH by the different routes of injection. 

By averaging the one and 2 hour data and by graphical interpolation 
and extrapolation, an estimate was made of the dose to cause a 20% 
- ascorbic acid depletion by the different routes of injection. This is shown 
in column 2 of Table 1. These estimates, of course, are subject to consider¬ 
able error due to the small number of animals used, the variability of the 
amount of depletion in different rats and the differences in slope, especially 
the tendency for horizontal slope with the subcutaneous route. In our labo¬ 
ratories 0.5 to 1 milliunit of the International Standard, when given intra- 
venousty, will cause a 20% depletion of the ascorbic acid level. Thus, 
preparation P 327A has a potency of 10 to 20 i.u./mg., and D 13B of 2 to 
4 i.TJ./mg. In column 3 it is shown in the case of P 327A that 1250 times 
more ACTH is required subcutaneously than intravenously to cause a 
20% ascorbic acid depletion whereas with D 13B only 120 times as much 
ACTH is required. 

Column 4 shows how much the relative potency of the A and B fractions 
differ with the different routes of injection. Thus E 3A would be only i as 
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potent as E 13B if the potency were determined by the subcutaneous 
route whereas they are of equal potency by the intravenous route. Like¬ 
wise P 327A, which is approximately 6 times more potent than D 13B by 
intravenous assay is only 60% as potent as D 13B by subcutaneous assay 
making an over-all difference of potency of 10.4 times depending upon 
whether the intravenous or subcutaneous estimates of potency were used. 

An additional experiment was run comparing intraperitoneal and sub¬ 
cutaneous routes of injection. The dosage ratios by the two routes ex¬ 
pressed as in Table I, column 3, (Subcut./I.P.) were 1.1 for M 2160Aand 
1.33 for M 2161B, which values are not significantly different from 1.0. 

A preliminary experiment with subcutaneous injection twice daily for 
four days of P 327A and D 13B into hypophysectomized rats indicated 
that they were about equal in adrenal weight increasing potency. A 50% 
increase in adrenal ^veight was obtained with 6.7 mg. and 3.3 mg. respec¬ 
tively. As would be expected, the adrenal weight increasing potency was 
more nearly correlated with the ascorbic acid depletion tests when injec¬ 
tions were made subcutaneously than when made intravenously. 

Unpublished results, using adi-enal ascorbic acid depletion in normal 
rats as the end point, upon duration of action of single subcutaneous in¬ 
jections of 16 i.u. of ACTH formulated in sesame oil in a manner to slow 
absorption (see also Astwood, 1952), show that ACTH preparations like 
A and B can be made to increase adrenal weight by over 50% in 24 hours 
and 100% in 48 hours while maintaining ascorbic acid levels more than 
50% below control levels. This remarkable increase in adrenal w^eight is 
due to the slow release of ACTH over a period of days, as shown by the 
ascorbic acid levels, and not to any special qualitative property of the 
ACTH m the preparations. Numerous clinical reports of the high potency 
of ACTH given by slow intravenous infusion have been made (Mandel, 
Singer, Gudmundson, Meister and Modern, 1951; Renold, Forsham, 
Maisterrana and Thorn, 1951). 


DISCUSSION 

Astwood and coworkers (1952) have made preparations of ACTH by 
adsorption on oxycellulose that are 25 to 100 times more potent than the 
ones used here. Hence, the preparations used here and those used by most 
other investigators contain 95% or more of non-ACTH protein or protein¬ 
like material. The different ascorbic acid depletion potencies of the A and 
B preparations, shown above, and different solubilities probably are not 
due to the ACTH itself but are due to differences in the 95% containinants 
and them effect upon the rate of absorption from the site of injection. 

Different estimates of potency by the different routes of administration 
are important clinically because most ACTH is used by routes of injection 



March, WSS 


POTENCY OF ACTH PREPARATIONS 


271 


other than the intravenous route wliich is used for standardization. Assay 
of ACTH preparations by tlie universally used intravenous Sayers or 
hlunson methods probably does not properlj’- indicate the clinical efficacy 
of the preparation when given intramuscularly. Conversely a subcutaneous 
assay method would not properlj’^ indicate the intravenous efficacy of a 
preparation. In all 4 cases in Table 1 the iso-electricallj'’ precipitable frac¬ 
tion, B, is much more potent subcutaneously than the intravenous assay 
would indicate it to be. Clinical proof that a similar difference between 
these preparations occurs in man is not available. 

IMost differences in plij’^siological efficacy of ACTH are as reAdily ex¬ 
plained on the basis of different rates of absorption, which depends upon 
the route of injection and the nature and formulation of the preparation, 
as on the basis of a qualitative difference in the ACTH present, .i.e., the 
multiple factor theoiy. 

SUMMARY 

The potencies of two different tj^pes of ACTH preparations were com¬ 
pared bj’- intravenous and subcutaneous injection using adrenal ascorbic 
acid depletion in the hj^pophysectomized rat as the criteria of potency. 
Estimates of the relative potenej'^ of the two types differed with the route 
of injection bj’' 3 to 11 tinies. The subcutaneous route of injection required 
as much as 100 to 1000 times larger dosage than did the intravenous route 
to cause equivalent ascorbic acid depletion. The data given are interpreted 
as not supporting the multiple ACTH factor therory. 
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RATES OF PROTEIN SYNTHESIS, AMINO ACID CATABO¬ 
LISM AND SIZE OF NITROGEN POOL DURING NITRO¬ 
GEN STORAGE INDUCED WITH TESTOSTERONE 
PROPIONATE, AND TESTOSTERONE PROPIO¬ 
NATE COMBINED WITH GROWTH HORMONE 

PAUL D. BARTLETT 

With the technical assistance of Beverly Morrison 
From the Edsel B. Ford Institute for Medical Research, Henry Ford Hospital, 

Detroit, Michigan 

I N THE human, normal growth appears to occur in two phases: pre- 
puberal growth, hypothesized as being entnely referable to pituitary 
growth hormone, and puberal growth referable to steroid growth promot¬ 
ing factors from the gonads and the adrenal cortex (Kinsell et al., 1948). 
Nitrogen retention and protein anabolic effects of testosterone and its 
derivatives, metliyltestosterone and particularly testosterone propionate 
have received considerable attention, and, although much factual informa¬ 
tion has been obtained (Kochakian, 1946, 1950), elucidation of the mech¬ 
anism of these effects is still awaited. 

Technical procedures and mathematical treatment developed by Sprin- 
son and Rittenberg (1949) and Hoberman (1949-50) for assessing protein 
and amino acid metabolism in terms of rates of protein synthesis, amino 
acid catabolism, and size of the nitrogen pool have been utilized in char¬ 
acterizing and quantitating the over-all mechanisms involved in nitrogen 
storage induced in-the adult female dog with anterior pituitary growth 
hormone (Bartlett and Gaebler, 1952). The effect of growth hormone in 
depressing the rate of amino acid catabolism and increasing the size of the 
nitrogen pool was particularly striking and as previously suggested (Bart¬ 
lett and Glynn, 1950) perhaps indicative of the mechanism by which 
growth hormone regulates the intracellular synthesis of protein. 

Extension of these studies to include nitrogen storage induced in the 
adult female dog with testosterone propionate seemed particularly de¬ 
sirable not only from the standpoint of comparing the pattern of the 
over-all mechanisms involved in the metabolism of proteins and amino 
acids with the pattern observed during nitrogen storage induced by growth 
hormone but also because of widespread clinical interest in the use of 
androgens to promote nitrogen retention. It was felt that information of 
this sort might also be of value in extending our knowledge and under¬ 
standing of the role of androgens in the regulation of puberal growth. In 
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view of the summation effect of testosterone propionate and growth hor¬ 
mone on body weight and protein anabolism of castrated mice (Kochakian 
and Stettner, 1948), it also seemed of interest to include experiments in 
which nitrogen storage was induced by the simultaneous administration 
of growth hormone and testosterone propionate at dose levels correspond¬ 
ing to those given in single experiments. 

EXPERIMENTAL 

Animals —Dogs 44, 52, and 55 utilized in the preceding studj’^ with growth hormone 
(Bartlett and Gaebler, 1952) and maintained in the manner previously described 
(Gaebler, Bartlett and Sweeney, 1951) were used in the experiments reported herein. 

Procedure —Since data were available on the rates of protein synthesis, amino acid 
catabolism, and size of the nitrogen pool for each of these animals during nitrogen balance 
experiments (Bartlett and Gaebler, 1952), it was only necessary to conduct experiments 
in which nitrogen storage was induced with testosterone propionate or the combination 
of testosterone propionate with growth hormone. The experimental procedure followed 
and the mathematical treatment of the data were essentiallj^ the same as previously 
described. Constanc}' of both body weight and total urinarj' nitrogen excretion were 
taken as indicative of nitrogen equilibrium and nitrogen storage was induced in such 
animals either by the intramuscular injection of testosterone propionate at dose levels 
of 50 mg./day for 5 days, or by a combination of this level of androgen with the sub¬ 
cutaneous administration of growth hormone in doses of 5 mg./day for 5 days. N'^- 
labeled glycine was administered on the 4th day of induced nitrogen storage experiments 
and urinary excretion of the N‘^ label determined at 24 and 48 hours after ingestion of 
the amino acid. 

RESULTS 

In Table 1 are summarized the results of experiments in which nitrogen 
storage was induced with testosterone propionate. The rate of protein 
synthesis, Sk, and the size of the nitrogen pool, Pk, were calculated accord¬ 
ing to the mathematical treatment of Sprinson and Rittenberg (1949), 
and, ki and k 2 , rates of amino acid catabolism and incorporation of amino 
acids into protein, by the mathematical treatment of Hoberman (1949-50). 
Sk values previously reported (Bartlett and Gaebler, 1962) for Dogs 44, 
52, and 55 during nitrogen balance experiments were respectively in con¬ 
trast to those given in Table 1—0.49,0.56, and 0.82 gm. N/kg. body wt./24 
hrs., and Pk values were respectively 0.82, 0.91, and 0.95 gm. N/kg. body 
wt. Values of ki abstracted from the same reference were respectively 
3.85, 3.96, and 2.74%/hr. and values for k 2 3.85, 4.19, and 3.60%/hr. In 
general, the rate of protein synthesis was higher and the rate of amino 
acid catabolism lower during nitrogen storage induced with testosterone 
propionate than during the nitrogen balance experiment. There appeared 
to be no significant change in the size of the nitrogen pool, Pk. 

Results of experiments in which nitrogen storage was induced in Dogs 44 
and 55 by the combination androgen and growth hormone treatment are 
presented in Table 2. Comparison of this data with the nitrogen balance 
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'Table 1. Effect op testosterone propionate on rates of protein synthesis, 

AMINO ACID CATABOLISM AND SIZE OF THE NITROGEN POOL 


Rate of Fraction of amino acid N 


Experi¬ 

mental 

dogi 

Wt. 

gain^ 

(kg.) 

N 

stored’ 

(gm.) 

protein 

synthesis, 

St 

(gm. N/kg. 
body 

wt./24 hr.) 

Size of N 
pool. 

Ft 

(gm. N/kg. 
body wt.) 

Catabolized 

and 

excreted, 

ki 

(%/hr.) 

Incorporated 

into 

protein 

k2 

(%/hr.) 


mEm 

3.89 



2.18 

4.70 



2.66 



3.19 

5.51 



3.40 

0.66 


2.38 

3.52 


‘ Nitrogen storage induced in Dogs 44, 52 and 55 with Schering’s Oreton brand of testo¬ 
sterone propionate. 

^ Weight gain was computed by determining the difference between the maximum weight 
attained during the 5 day period of induced nitrogen storage and the weight of the animal 
preceding induction of nitrogen storage. 

^ Nitrogen storage was calculated from total urinarj' nitrogen excretion alone. The aver¬ 
age of 5 or more days preceding induction of nitrogen storage was taken as the control level 
and the difference between this value and the urinar3’' nitrogen excretion for each day of the 
5 day period determined. The values given in the table are summation values for the 5_ day 
period of storage. 

data from the same animals results in a number of interesting observations. 
In spite of the induction of marked nitrogen storage and gain in bodj^ 
weight as a result of the combined treatment with androgen and growth 
hormone, the rate of protein synthesis calculated in terms of either Sk 
or kz was not appreciably affected. Rates of amino acid catabolism were 
decreased in both animals and the size of the nitrogen pool was reduced. 
Table 2. Rates op protein synthesis, amino acid catabolism, and size of the nitrogen, 

POOL DURING nitrogen STORAGE INDUCED WITH TESTOSTERONE 
PROPIONATE PLUS GROWTH HORMONE 





Rate of 


Fraction of amino acid N 




protein 

Size of N 


Incorporated 

Experi- 

Wt. 

N 

S3'nthesis, 

pool. 

Catabolized 

mental 

gain’ 

stored’ 

St 

Ft 

and 

into 

dogi 

(kg.) 

(gm.) 

(gm. N/kg. 
body 

wt./24 hr.) 

(gm. N/kg. 
body wt.) 

excreted, 

hi 

(%/hr.) 

protein, 

JC2 

(%/hr.) 

44 


10.88 

0.47 

0.58 

1.86 

3.94 

55 


11.18 

0.74 

0.87 

2.28 

4.30 


^ Nitrogen storage was induced in Dog 44 with testosterone propionate (Oreton) 
bined with growth hormone preparation Rx099916, supplied through the courtesy of Dr. 
D_. A. McGinty and Mr. L. W. Donaldson of Parke, Davis & Company, and, in Dog 55 
with testosterone propionate (Oreton) combined with growth hormone preparation 22KR1 
supplied by Armour and Company. 

Please refer to footnote of Table 1. 

DISCUSSION 

The observation of a decrease in the rate of amino acid catabolism, kj, 
in the normal adult female dog during nitrogen storage induced with testos¬ 
terone propionate is in agreement with the observation that decreased 
urinary urea excretion in this animal is not due to elevated blood nonpro¬ 
tein nitrogen (Gaebler and Tarnowski, 1943). In terms of rates of protein 
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synthesis and amino acid catabolisin, nitrogen storage induced in the adult 
female dog with testosterone propionate appears to be qualitatively similar 
to nitrogen storage induced with growth hormone (Bartlett and Gaebler, 
1952), i.e., characterized by a higher rate of protein synthesis and a lower 
rate of amino acid catabolism than observed in the same animal during 
nitrogen balance. Testosterone propionate in contrast to growth hormone 
appears to have no significant effect on the size of the nitrogen pool. 

In considering changes in the rates of the principal over-all reactions 
requh’ed to either increase or decrease the size of the metabolic pool of 
nitrogen, relative to nitrogen balance values, a decreased rate of protein 
synthesis or amino acid catabolism or an increased rate of protein degrada¬ 
tion might singly or in one of several combinations result in a net increase 
in the size of the nitrogen pool, while an increased rate of protein synthesis 
or amino acid catabolism or a decreased rate of protein degradation might 
similarly result in a net decrease in the size of the nitrogen pool. In view 
of the fact that the pattern of protein metabolism in terms of rates of pro¬ 
tein synthesis and amino acid catabolism is qualitatively similar in nitro¬ 
gen storage induced by either growth hormone or testosterone propionate, 
the contrast in the net effect on the size of the nitrogen pool seems of special 
interest. The complexity of the situation and tlie difficulty involved in its 
interpretation is emphasized with the realization that the net effect on the 
size of the nitrogen pool could, in addition to those factors previously 
noted, also be determined by either the extent to which the rate of protein 
synthesis was increased and the rate of amino acid catabolism decreased 
or by changes in the rate of protein degradation or by a combination of 
these contributing factors. The importance and necessity of having data 
on the relative rates of protein degradation during both nitrogen balance 
and nitrogen storage experiments seems quite apparent, and until such data 
are available, progress in the elucidation of the mechanisms involved in 
nitrogen storage and growth and particularly in respect to the accumula¬ 
tion of protein will be limited. 

The observation that growth hormone (Bartlett and Gaebler, 1952) and 
testosterone propionate administered alone increased the rate of protein 
synthesis, but when administered in combination had no significant effect 
on this value, and the observation that the rate of amino acid catabolism 
was decreased are of special interest. The fact that the size of the nitrogen 
pool actually decreased under these conditions suggests that the combina¬ 
tion androgen and growth hormone treatment resulted in a significant re¬ 
duction in the rate of protein degradation. 

In connection with the hypothesized endocrine regulation of prepuberal 
and puberal growth (Kinsell et al., 1948), it should be noted that growth 
during the puberal period, which is particularly characterized by the ac¬ 
cumulation of body protein (e.g., in the development of the musculature). 
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might also be referable to a combination of growth hormone and steroid 
growth promoting factors such as the androgens and estrogens. If siicli 
is the case, and, the results of our experiments in which nitrogen storage 
was induced in the adult female dog with growth hormone and in combina¬ 
tion with testosterone propionate can be interpreted respectively in terms 
of simulated prepuberal and puberal growth then the latter in contrast to 
prepuberal growth may be largely due to a decrease in the rate of protein 
degradation. The relatively high protein requirements and output of 
nitrogen during the phase of prepuberal growth as compared with that 
during puberal growth might be taken as evidence supporting the view 
that prepuberal growth is characterized by a high level of protein metab¬ 
olism, i. .e., a high rate of protein s 3 mthesis and a high rate of protein 
degradation, Avhereas, puberal growth is characterized by a relatively lower 
level of protein metabolism, i.e., relatively lower rates of protein synthesis 
and protein degradation, 

SUMMARY 

Nitrogen storage induced in the adult female dog with testosterone 
propionate is characterized by an elevation in the rate of protein syn¬ 
thesis and a decrease in the rate of amino acid catabolism relative to values 
observed in the same animal during nitrogen balance experiments. 

Testosterone propionate had no significant effect on the size of the 
metabolic pool of nitrogen in the adult female dog. 

A combination of growth hormone and testosterone propionate pro¬ 
duced marked nitrogen storage and gain in body weight, a decrease in the 
rate of amino acid catabolism and the size of tlie nitrogen pool in the adult 
female dog. The rate of protein synthesis was unaffected in the same 
animal. 
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THE INTERCONVERSION OF ESTRONE AND ESTRA¬ 
DIOL-17^ BY RAT LIVER SLICES^-''' 

KENNETH J. RYAN' and LEWIS L. ENGEL 

(From the Medical Laboratories of the Collis P. Huntington Memorial Hospital of 
Harvard University at the Massachusetts General Hospital and the Department of 
Biological Chemistry, Harvard Medical School, Boston, Massachusetts) 

S INCE Zondek’s original demonstration (1934) that rat liver mince 
“inactivates” estrogens, many workers have engaged in the study of 
the in vitro metabolism of these steroids employing loss of biological activ¬ 
ity as a means of following hormone degradation (Heller, 1940; Engel, 
P. and Rosenberg, 1945; Twombly and Taylor, 1942; Levy, 1947 and 
DeMeio et al., 1948). Pearlman and DeMeio (1949) accomplished the only 
isolation of estrone after the incubation of estradiol-17/3^ with rat liver 
slices. A technique for the isolation and determination of estrogens in 
minute quantities would be of great assistance in studying this reaction 
in detail. Counter-current distribution and fluorometric analysis have pro¬ 
vided a means for the separation, quantitative estimation and identifica¬ 
tion of natural estrogens in urinary extracts (Engel ei al., 1950). This 
report describes the application of these techniques to the analysis of es¬ 
trogens after incubation with rat liver slices. 

METHODS 

Tissue Preparation: Female Wistar strain rats, 6-10 months old were decapitated 
and bled. Their livers were quickly removed, chilled, sliced to 0.5 mm. thickness with a 
Stadie-Riggs microtome, drained and weighed. Cirrhosis and hepatomas were induced 
in similar rats by the administration of a high fat diet containing p-dimethylaminoazo- 
benzene (Kline el al., 1946) and prepared for incubation as described above. When 
hepatomas were used for inculration, they were dissected free from surrounding tissue. 
Microscopic sections were prepared and examined to insure purity of the preparation. 
Hormone Preparation: Estradiol was analyzed by the counter-current, fluorometric 

Received for publication October 20, 1952. 
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® Hereafter referred to as estradiol. Nomenclature employed is that of Fieser and Fie- 
ser (1949). 
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and estradiol were incubated with boiled liver and an average recovery of 
76% was obtained (Fig. 2). Owing to changes in the physical state of tlie 
tissue proteins, the extraction of estrogens from boiled liver is rendered 
more difficult. 



0 4 8 12 16 20 24 0 4 8 12 16 20 24 


TUBE NUMBER TUBE NUMBER 

Fig. 2. Incubation of estrone with rat liver slices. Typical counter-current distribu¬ 
tion curves. Intact liver slices converted estrone to estradiol. Boiling the tissue prevented 
conversion. Ei—Estrone; Ea—Estradiol; K—Partition Coefficient; o—Experimentally 
determined points;-Theoretical. 


Table 1. Effect of varying the hormone solvent on the aerobic conversion 

OF ESTRADIOL TO ESTRONE BY NORMAL RAT LIVER SLICES 



Initial 

Total 

Estradiol recovered 

Estrone yield 

ooIvGnt 

GblrrUrUlOl 

/^g 

TGcovGry 

% 

ns 

K* 

ns 

% 

* 

i 

Aqxieous 

970 

46% 

430 

2.1 

18.5 

1.9 

0.34 


970 

63 

605 

2.2 

9.2 

0.9t 

0.31 


970 

29 

276 

2.0 

7.5 

0.8 

0.30 


490 

64 

294 

2.1 

18.2 

3.7 

0.39 


900 

43 

365 

2.1 

22.0 

2.5 

0.38 



— 

— 

— 


— 

- 

Ethanol 

1020 

64 

555 

2.1 

93.0 

9.1 

0.33 


1020 

26 

222 

2.1 

39.8 

3.9 

0.36 


1020 

22 

188 

2.3 ■ 

36.1 

3.5t 

0.36 


1020 

48 

440 

2.0 

47.0 

4.6 

0.36 


1020 

68 

633 

2.2 

61.2 

6.0t 

0.35 



— 

— 

— 


— 

--- 

Aqueous with 

980 

37 

336 

2.0 

21.4 

2.2 

0.39 

added Ethanol 

660 

46 

260 

2.1 

38.3 

5.8 

0.41 


750 

35 

233 

2.1 

31.0 

4.2 

0.38 


* K—Partition coefficient in 50% MeOH—50% H 2 O/CCL 
t—2 hour incubation, 
t—Intracellular buffer. 
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Incubation of Estradiol with Normal Liver Slices {Table 1): AVhen estradiol 
ill ethanol solution was incubated with normal rat liver slices using a 
hormone concentration of 0.02 mg./mg. tissue/ml. buffer, there was an 
average yield of 5.4% estrone and a recovery of 40% of unchanged estra¬ 
diol. This is in close agreement with the data of Pearhnan and DeMeio 
(1949) who isolated 6% estrone and recovered 40% estradiol after incuba¬ 
tion of the hemisuccinate of estradiol with rat liver slices. The 55% of 


Table 2. Effect of varying the hormone concentration on the aerobic 

CONVERSION of ESTRADIOL TO ESTRONE BY NORMAL RAT LIVER SLICES 


Hormone 

eoncentra- 

tion* 

Initial 

estradiol 

ve 

Total 

Estradiol recovered 


Estrone yield 

% 

Mg 

K 

Mg 

% 

K 

0.1 

5100 

72 

3630 

2.2 

51 

1.0 

0.35 


1020 

45 

450 

2.1 

14 

1.4 

0.37 

0.02 

1020 

46 

408 


54 

5.9 


(.\ver. of 








3 runs 








Table I) 








0.006 

1020 

33 

191 

2.1 

147 

14 

0.37 


1020 

0.3 

1.8 

2.1 

1.2 

0.1 

0.37 


*—Hormone concentr.ation =mg. hormone/mg. liver/ml. buffer. 


starting material unaccounted for represents conversion of estrone and/or 
estradiol to unknown metabolites. 

An experiment employing an intracellular buffer is listed in Table 1 
but the results are not strikingly different from those obtained with the 
conventional &ebs’ solution. Results similar to these have been reported 
by DeMeio et al. (1948). 

In the experiments cited above, alcohol was used as solvent to disperse 
the estradiol in the buffer solution. The amount of ethanol used was similar 
to that employed by DeMeio (1948). To test the possible effect of the 
ethanol on the metabolic reaction, the sodium salt of estradiol was pre¬ 
pared and added to the buffer solution. When the pH was adjusted to 7.4 
the hormone was precipitated as a fine dispersion. The results of using this 
aqueous dispersion are shown in Table 1. When an 0.02 hormone concen¬ 
tration was used, the average jdeld of estrone was 2.7% and the recovery 
of estradiol was 49%. If the incubations were carried out with aqueous 
dispersions of the steroids (prepared from the sodium salts) to which 
ethanol was added, the yield of estrone was increased to 4% and the re¬ 
covery of estradiol was 39%. The amount of ethanol was equal to the 
quantity used in the experiments in which this solvent alone was em¬ 
ployed. 
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When the hormone concentration was increased to 0.1, the yield of 
estrone fell to 1%. Clianging the hormone concentration to 0.006 in¬ 
creased both the destruction of estradiol and the yield of estrone (Table 
2). In one experiment of this series, less than 1% of the steroid was re¬ 
covered (cf. Pearlman and DeMeio, 1949), These data on the effect of 


Table 3. Aehobic coNVEnsio.v of estradiol* to estrone 
BY diseased rat LIVER 


Patliology 

Hormone 

concentra¬ 

tion 

Total 

Estradiol recovered 

Estrone yield 

% 

eg 

K 

eg 

% 

K 

Cirrlio.sis 

0.02 

74 

735 

2.0 

13.1 

1.3 

0.33 


0.02 

64 

605 

2.0 

40.5 

4.0 

0.35 

Hepatoma 

0.02 

so 

805 

2.1 

5.9 

0.6 

0.33 


0.02 

41 

407 

2.0 

10.3 

1.0 

0.31 


0.02 

70 

710 

2.3 

6.8 

0.7 

0.35 

Cirrhosis 

0.006 

60 

470 

1.8 

138 

14 

0.33 


0.006 

16 

106 

2.1 

60 

5.9 

0.3G 


0.006 

1.5 

0.8 

2.0 

0.7 

0.07 

0.42 

Hepatoma 

0,006 

7.0 

4.0 

2.2 

3.0 

0.3 

0.34 

*—Initial estradiol = 1 

mg. 






Table 4. 

Anaerobic conversion of estradiol to estrone by rat liver slices 


Initial 

Total 

Estradiol 

recovered 

Estrone j’ield 

Solvent 

estradiol 

recoveiy 












eg 

% 

eg 

K 

eg 

% 

K 

Aqueous 

490 

96 

440 

2.1 

31.9 

6.5 

0.3G 

Ethanol 

540 

72 

376 

2.1 

13.2 

2.5 

0.3S 


changing hormone concentration are based on a small number of experi¬ 
ments in which there is a great deal of variation; nevertheless, a trend is 
apparent. 

Incubation of Estradiol with Cirrhotic Livers and Hepatoma Nodules {Table 
3): When estradiol was incubated wdth slices of cirrhotic liver or with 
hepatoma nodules using a hormone concentration of 0.02 mg. hormone/ 
mg. liver/ml. buffer the yield of estrone was much lower and the recovery 
of estradiol was somewhat higher than wdth nor-inal tissues. When the 
hormone concentration wms decreased to 0.006, the difference between 
normal, cirrhotic and malignant tissues become less marked. The varia¬ 
tions observed in the cirrhotic livers may be attributed to differences in 
the severity of the disease. 

Anaerobic Experiments {Table 4)' When estradiol in aqueous solution 
was incubated in evacuated Thunberg flasks, there wms^some destruction 
of the estradiol and conversion to estrone. 
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Table 5. Conversion of estrone to estradiol bl' normal rat liver slices 


Solvent 

Gas 

phase 

Initial 

estrone 

Total 

recover3'^ 

Estrone 

recovered 


Estradiol 

yield 



Rg 

% 

Bg 

K 

m 

% 

K 

Etlniuol 

air 

900 

60 

585 

0.37 

14.1 

1.4 

2.1 


air 

990 

55 

530 

0.37 

13.8 

1.4 

2.3 

Aqueous 

air 

900 

45 

620 

0.38 

2.0 

0.2 

2.1 

Aqueous ivitli 
added Ethanol 

air 

950 

52 

480 

0.38 

10.0 

1.1 

2.1 

Ethanol 

N: 

495 

82 

380 

0.35 

24.5 

5.0 

2.2 


Incubation of Estrone: Wlien estrone Avas incubated with rat‘liver slices 
in air or nitrogen, conversion to estradiol occurred by the yield depended 
on whether an aqueous or ethanol solution Avas used (Table 5). An experi¬ 
ment employing an aqueous solution of estrone AAutli added ethanol gaAm 
results similar to those found Avith alcohol alone. These findings are similar 
to those obtained AAuth estradiol under these A’^arying conditions (Table 1). 

DISCUSSION 

Methods: In an effort to obtain quantitative data and study subtle 
changes, counter-current distribution and fluorometry haAm been employed 
in the present work. It has been possible by these methods to characterize as 
little as 1 microgram of estrogen as either estradiol or estrone and tore- 
produce partition coefficient within standard diviations of +0.02 for es¬ 
trone and +0.1 for estradiol for hormones extracted from incubation mix¬ 
tures (Table 6). From the distribution data, it is possible to calculate 
the amounts and purities of the components present and in addition char¬ 
acterize them by their partition coefficients (Engel, SlaunAAdiite, Carter 
and Nathanson, 1950). 

Interconversion of Estradiol and Estrone: The data presented in Tables 
1 and 5 demonstrate the interconversion of estradiol and estrone. Under the 


Table 6. Reproducibility op partition coefficients by counter-current 
DISTRIBUTION -24 TRANSFERS IN 50% MeOH/CCL 


Compound 

recovered 

Number 
of distri¬ 
butions 

Partition 

coefficient 

Standard 

deviation 

E.xtracted 

from 

Reference 

Estrone 

85 

0.36 

+ 0.02 

Incubated tissue 

Present study 


29 

0.34 

+ 0.02 

Urine 

(Slaunwhite) 


— 

0.33 

— 

Pure compound 

(Engel, 1950) 

Estradiol 

80 

2.1 

+ 0.1 

Incubated tissue 

Present study 


22 

2.1 

±0.1 

Urine 

(Slaunwhite) 


—A 

2.1 

— 

Pure compound 

(Engel, 1950) 
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conditions employed, the reaction appears to favor the accumulation of the 
later compound. The nature of the solvent and the relative amount of 
substrate significantly affect this reaction (Tables 1 and 2). 

The relative insolubility of estrone and estradiol in aqueous media has 
necessitated using organic solvents to disperse the hormones in the in¬ 
cubation mixture. It is possible that ethanol has an inhibitory effect on 
oxidative enzymatic reactions. Such an inhibition seems borne out by 
the comparison of results of incubation of estradiol and estrone with and 
without ethanol. Alcohol may inhibit the oxidative breakdown of estrone, 
allowing its accumulation without affecting the estrone-estradiol intercon¬ 
version. The latter reaction is probably catalyzed by a dehydrogenase 
system (DeMeio et al, 1948; Coppedge et al., 1948), which is unaffected by 
ethanol in the concentrations used. Comparable total recoveries in the aque¬ 
ous and alcohol experiments make solubility differences between the two 
solvents less likely as a factor. 

The hormone concentration also appears to be a critical factor not only 
in the interconversion of estradiol and estrone, but in the further changes 
of these compounds. The apparent discrepancies in extents of estrogen 
"inactivation” (Heller, 1944) which have been reported by investigators 
using different hormone concentrations may be explained by the depend¬ 
ence of the reactions on hormone concentration. If a dehydrogenase 
system is involved in estrogen metabolism as has been suggested by De¬ 
Meio et al. (1948) and Coppedge et al. (1948) then the critical factor re¬ 
lated to the amount of tissue present may be the associated concentration 
of diphosphopyridine nucleotide. This hypothesis is supported by the differ¬ 
ential increase of estrone yield over esti’adiol I’ecovery as the hormone con¬ 
centration is decreased. In other words, as the hormone concentration is 
decreased by increasing the amount of tissue present, there is a differential 
increase of dehydrogenase over oxidative activity. 

Although the conversion of estrone to estradiol has been demonstrated 
in vivo (Pincus and Pearlman, 1943), the in vitro data have not been con¬ 
clusive. Heller (1940) "activated” estrone by incubation with rat uterus 
slices and with cyanide inhibited liver slices. He suggested that the in¬ 
creased biological activity was due to the conversion of estrone to estra¬ 
diol. Schiller (1945) using partitioning methods, demonstrated biological 
activity in the non-ketonic fraction of the "weak” phenols after perfusion 
of estrone through rat liver. He considered this material to be estradiol. 
The data in Table 5 demonstrate the conversion of estrone to estradiol 
by rat liver. 

No attempt has been made in the present study to investigate the ques¬ 
tion of conjugation of estrogens by the liver but past work (Heller, 1940; 
DeMeio et al., 1948; Schiller, 1945) has indicated that hydrolysis does not 
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increase recover}^ of estrogens measured biologically. The question of 
in intro conjugation requires further study. 

The problem of the site of conversion of estradiol or estrone to estriol 
has not been settled. Schiller (1945) reported the recovery of estrogenic 
activitj'- in the “strong” phenolic fraction after perfusion of rat liver with 
estrone and estradiol but this observation has not been confirmed. 

Metabolism of Estrogens by Cirrhotic Liver and Hepatoma: Cirrhotic liver 
and hepatoma nodules retain the capacity to metabolize estradiol to es¬ 
trone. INIicroscopic sections of these tissues demonstrated them to be typi¬ 
cal histologicall}'’, hence contamination with normal liver cannot be 
invoked to explain metabolic activit}^ It is apparent that these diseased 
tissues retain enzyme systems capable of oxidizing estradiol, albeit to a 
lesser degree than normal tissues. When the hormone concentration was 
decreased sufficiently (0.006), the differences between normal and diseased 
tissues diminished. Again it sliould be noted that these conclusions are 
based on a small series in which there was a high degree of variabilit 3 ^ 
In one experiment, hepatoma did not effect the conversion of estrone to 
estradiol. 

Anaerobic Experiments: When estradiol or estrone was incubated with 
rat liver slices in evacuated Thunberg flasks or in an atmosphere of nitro¬ 
gen, interconversion was oijserved but the recovery of added steroid was 
much higher than in the aerobic experiments. This observation is in dis¬ 
agreement with Dehleio et al. (1948) who reported no “inactivation” 
in nitrogen. Actuall}’’, his data revealed 9 to 17% inactivation but this was, 
as he stated, within the limits of error of the bioassay method. On the other 
hand. Levy (1947) reported 30-50% inactivation under anaerobic condi¬ 
tions. The finding of metabolic change in nitrogen does not, however, 
discredit the theory of a DPN linked reaction since a coupled oxidation- 
reduction s 3 '-stem could provide enough hydrogen acceptors to reoxidize 
the reduced DPN and change limited amounts of estradiol or estrone in 
the absence of oxygen. By analogy with anaerobic glycolysis, a reduction 
would tend to be favored under anaerobic conditions. 

SUMMARY 

1. Counter-current distribution and photofluorometry have been applied 
to the separation, characterization and quantitative estimation of estrone 
and estradiol after incubation with rat liver slices. 

2. The interconversion of estrone and estradiol occurs under both aero¬ 
bic and anaerobic conditions. 

3. Ethanol has a slight inhibitory effect on the oxidative breakdown of 
estrone and estradiol. 

4. The extent of conversion of estradiol to estrone by normal and cir- 
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rhotic rat livers and hepatoma nodules depends on the hormone concentra¬ 
tion. 
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THE INTERCONVERSION OF ESTRONE AND ESTRA¬ 
DIOL BY HUMAN TISSUE SLICES^-^'^ 

KENNETH J. RYAN' and LEWIS L. ENGEL 

From the Medical Laboratories of the CoUis P. Ihmtington Memorial Hospital at the 
Massachusetts General Hospital and the Department of Biological Chemistry, 
Harvard Medical School, Boston, Massachusetts 

S TUDIES of estrogen metabolism in animals have limited application 
to man because of the different metabolic pathwaj^s in different spe¬ 
cies. For example, estriol has been recovered only from human sources; 
epiestradiol is a product of rabbit and equine metal^olism and the naphtho- 
lic estrogens are peculiar to equine species (Pincus and Pearlman, 1943). 
Comparative studies of the in vitro metabolism of estrogens by human and 
animal tissues have not been extensive, but species differences have been 
noted (Tvombl}'’ and Taylor, 1942; Szego and Samuels, 1943; Samuels and 
McCauley, 1946). Tlie biocliemical interrelationsliips between steroid 
hormones and cellular function is at present a matter of intense interest. 
In order to measure directlj^ the metabolic activity of normal and neo¬ 
plastic tissues of man, an investigation of esti-ogen metabolism in such 
tissues was undertaken. The data revealed that tlie interconversion of 
estrone and estradiol as well as the further degradation of both of these 
compounds can be accomplished bj'" a variety of normal and diseased hu¬ 
man tissues. 

A previous report (R 3 "an and Engel, 1953) described the application of 
counter-current distribution and photofluorometrj'’ to the separation, 
characterization and quantitative estimation of estrogens after incubation 
with rat liver slices. These same procedures have now been applied to the 
stud}'" of the metabolism of estrone, estradiol and estriol b}!" human tissues. 

METHODS 

Tissue Preparation: All tissues were operative specimens which were obtained under 
aseptic conditions and kept on ice for a few minutes until readj"^ for incubation. Slices 

Received for publication October 20, 1952. 
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were cut on a Stadie-Riggs microtome to 0.5 mm. thickness, blotted drj^ with filter paper 
and weighed. Sections were made for histologic diagnosis. In all cases, control specimens 
of tissue were extracted and analyzed fluorometrically. No contaminating estrogens were 
found. 

Hormone Preparation'. The specifications of the estrone and estradiol, the buffer 
medium and the techniques of incubation, extraction and analysis have been described 
(Ryan and Engel, 1952). Ethanol solutions of the hormones were used throughout and 
the concentrations of the steroids in the incubations were 0.01 and 0.02 mg. of hormone 
/mg. tissue/ml. buffer. The amounts of hormone ranged from 450-1020 /rg. 

EstrioP was freed from a small amount of contaminating estrone (1.2%) by an eight 
ti'ansfer counter-current distribution in 50% MeOH/CCh. The stock solution was pre¬ 
pared in absolute ethanol at a concentration of 5 mg./ml. 


Table 1. Conversion of estradiol to estrone by human tissue slices 


Tissue 

Pathology 

Gas 

phase 

Estradiol 

concentra¬ 

tion* 

% Estradiol 
recovered 

% Estrone 
yield 

Placenta 

Term 

Air 

.01 

33 

38 

Placenta 

4 month 

Air 

.01 

31 

11 

Ileum 

Normal 

Air 

.01 

35 

11 

Liver 

Cholangitis 

Air 

.02 

62 

5.9 

Liver 

Cholangitis 

Air 

.02 

51 

4.6 

Liver 

Cholangitis 

N. 

.02 

60 

2.1 

Adrenal 

Hyperplastic 

Air 

.02 

56 

2.3 

Adrenal 

Hyperplastic 

N. 

.02 

55 

0.56 

Adrenal 

Cushing’s 

Air 

.02 

57 

1.0 

Breast 

Pregnancy 

Air 

.01 

43 

2.3 

Breast 

Pregnancy 

N, 

.01 

61 

3.1 

Breast 

Fibroadenoma 

Air 

.01 

63 

1.3 

Breast 

Fibroadenoma 

Ns 

.01 

82 

0.56 

Breast 

Adenocarcinoma 

Air 

.02 

50 

0.60 

Endometrium 

. Hyperplastic 

Air 

.02 

75 

1.7 

Endometrium 

Hyperplastic 

N; 

.02 

61 

0.92 

Myometrium 

Fibroid 

Air 

.02 

54 

0.66 

Myometrium 

Fibroid 

N: 

.02 

61 

0.45 

Testes 

Normal 

Air 

.02 

71 

0.50 


* Hormone concentration = mg. Estradiol/mg. tissue/ml. buffer. 


RESULTS 

The results are presented in Tables 1 to 3. All tissues studied were 
found to have the ability to metabolize estrogens, but there are differences 
in the types and extents of the reactions. Total recoveries varied from 
42 to 92% depending on the hormone used, the tissue with which it was 
incubated and the gas phase under which the experiment was conducted. 
Metabolic activity was observed under anaerobic conditions. Similar 
findings have been reported for rat liver (Ryan and Engel, 1953). Tissues 
of the digestive, reproductive and endocrine systems of man can convert 
estradiol to estrone. The 18-58% of the hormones unaccounted for rep¬ 
resents conversion to as yet unknown metabolites, in addition to loss 

* We wish to thank the Schering Corporation and Pai'ke, Daids and Company for tlie 
gifts of the estriol samples. 
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during exti-action and analj^'fis. This latter loss has been found to be ap- 
proximatelj’^ 10% of the starting material (Ryan and Engel, 1953). 

Estriol was recovered almost quantitatively after incubation with testis 
and term placenta. Pour month placenta gave a lower recovery of estriol 
(Table 3). In none of tliese three experiments was estrone or estradiol 
found after incubation of estriol. 


Tahi.k 2. Co.vvkhsio.v of kstkone to estradiol bv human tissue slices 


Tissue 

Pathology 

Gas 

phase 

Estrone 

concentra¬ 

tion* 

% Estrone 
recovered 

% Estradiol 
yield 

Testes 

Normal 

Air 

.02 

47 

7.0 

Placenta 

4 month 

Air 

.01 

64 

1.4 

Placenta 

Term 

Air 

.01 

59 

0 

Kidnev 

Hydronephrosis 

Air 

.02 

65 

0.69 

Endometrium 

Hyperplastic 

Air 

.02 

62 

0.51 

Adrenal 

Hyperplastic 

Air 

.02 

43 

0.46 

Adren.il 

Hyperplastic 

N- 

.02 

62 

0 

Breast 

Pregnancy 

-tir 

.01 

72 

0.34 

Myometrium 

Fibroid 

Air 

.02 

SO 

0 


* Hormone concentration =nfg. Estronc/mg. tissuc/ml. buffer. 


Table 3. Incubation of estriol with human tissue slices 


Tissue 

Pathology 

Gas 

phase 

Estriol 

concentration* 

% Estriol 
recoyered 

Testes 

Normal 

Air 

.02 

92 

Placenta 

Term 

Air 

.01 

92 

Placenta 

4 month 

Air 

.01 

67 


* Hormone concentration = mg. Estriol/mg. tissue/ml. buffer. 


DISCUSSION 

Except in the cases of the testes, term placenta and ileum, the tissues 
used were abnormal histologically and/or functionally, therefore, the 
estrogen metabolism of these tissues is not necessarily comparable with 
their normal counterparts. 

Normal Tissue: The testis, in marked contrast to the other tissues studied, 
converts estrone to estradiol to a greater extent than the reverse reaction. 
A possible explanation for this phenomenon is that the enzyme systems 
ordinarily involved in testosterone synthesis from A'*-androstene-3,17-dione 
are accomplishing the estrone-estradiol conversion. Dorfman (1948), 
Clark and Kochakian (1947), and Kochakian ei al. (1952) have shown an 
intimate relation between androstenedione and testosterone and sug¬ 
gested that androstenedione may be a precursor of testosterone. The re¬ 
action concerned is the reduction of the 17-ketone group of androstenedione 
to the 17j3-hydroxyl group of testosterone. It is possible that the 17-ketone 
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group of estrone is reduced to the IT-hj'-droxyl group of estradiol by the 
same enzyme system. 

One incubation of estradiol with terminal ileum resulted in an 11% 
yield of estrone (Table 1). This yield is higher than that found with any 
tissue other than placenta. 

Placental tissue has by far the greatest activity of all the tissues studied, 
11 and 38% yields of estrone being realized with four month and term 
placental tissue respectively. However, the reduction of estrone to estradiol 
by these tissues is minimal (Tables 1 and 2). 

Abnormal Tissues: In confirmation of the work of Twombly and Taylor 
(1942), Samuels and McCauley (1946) and more recently Tagnon et al. 
(1952), the degradation of estradiol by human liver slices has been demon¬ 
strated. In addition, it has been shown here that this tissue can oxidize 
estradiol to estrone as well as degrade both to unrecognizable metabolites 
(Table 1). 

Endocrine System: Adrenal cortex slices can effect the interconversion of 
estrone and estradiol (Tables 1 and 2). This is not surprising in view of 
the intense activity of this tissue in stei’oidogenesis. 

Slices of human pregnancy breast, mammary fibroadenoma and adeno¬ 
carcinoma (grade iii) can convert estradiol to estrone with comparable 
facility. Hyperplastic endometrium and uterine fibroid tissues have a sim¬ 
ilar activity. This is in contrast to the findings of Szego and Samuels (1943) 
who reported no conversion of estrogens by endometrial tissue taken 
from a woman in the third month of pregnancy. In one experiment, kidney 
tissue converted estrone to estradiol. 

Under the experimental conditions employed, estriol does not seem to 
be a significant metabolic conversion product of either estrone or estradiol 
in any of the tissues studied. Moreover, testis and term placenta do not 
appear to have the capacity to cause destruction of estriol; hence, if it 
were formed by these tissues in any significant quantity it should have 
been detectable. The techniques used permit the detection and character¬ 
ization of a minimum of 5 Mg- of estriol. 

The demonstration that a wide variety of human tissues can metabolize 
estrogens requires that the concept of the liver as the onlj'' and/or chief 
site of estrogen metabolism be questioned. It appears that such organs as 
breast, uterus, small bowel, testis, adrenal cortex, kidney and placenta are 
capable of metabolizing significant amounts of estrone and estradiol, and 
thus must be included in any consideration of the over-all metabolism of 
these compounds. 


SUMMARY 

1. A variety of normal and abnormal human tissues have the capacity to 
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interconvert estrone and est.radiol and to degrade both to unrecognizable 
metabolites. 

2. No conversion of estrone or estradiol to esti'iol was observed. 
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INHIBITION OF DEVELOPMENT OF DCA HYPER¬ 
TENSION BY A NEW SYNTHETIC STEROID 


ROBERT 0. STAFFORD, LOU C. THOLE and KENNETH 

J. OLSON 

From the Research Laboratories, The Upjohn Company, Kalamazoo, Michigan 

I T HAS been well established that desoxycorticosterone acetate (DCA) 
administered to normal rats or to rats sensitized by high sodium intake 
and/or uni-nephrectomy will produce renal and vascular pathology ac¬ 
companied by arterial hypertension (Selye, Hall, and Rowley, 1943; 
Friedman, Polley, and Friedman, 1948; Masson, Corcoran, and Page, 
1949). Although the etiology of DCA hypertension has not been explained 
in a manner satisfactory to all workers in the field, there have been searches 
for agents which will either reverse an established DCA hypertension or 
prevent the development of DCA hypertension in experimental animals, 
both because of the possible clinical implications and because the use of 
such agents would be helpful in research on mechanisms in vascular dis¬ 
ease. 

Agents which have been reported to be effective in preventing the de¬ 
velopment of DCA hypertension in rats are: Lipo-Adrenal Cortex,^ es- 
tradioP (Friedman and Friedman, 1950), cortisone acetate® (Friedman, 
Friedman, and Nakashima, 1950), and Phenergan (Guillemin and Fortier, 
1951). 

Agents which have been without inhibitory effect on development of 
DCA hypertension are Compound S acetate (Masson, Corcoran, and 
Page, 1950), progesterone, testosterone, hyaluronidase, “acetoxy-preg- 
nenolene,” “saturated 12-keto-DCA” (Friedman and Friedman, 1950), 
and methylandrostenediol (Skelton, 1952). 

The present paper presents data on a new steroid, “U-0160,” 3,21- 
diacetoxy-5,7,9, pregnatrien-20-one maleic anhydride adduct (Levin, 

Received for publication October 30, 1952. 

^ Registered Trade-Mark, The Upjohn Company, for cottonseed oil solution of hog 
adrenal extract. 

2 The authors cited do not feel that the anti-hypertensive action of estradiol and of 
cortisone acetate represent true antagonism to the "cardiovascular-renal effects of 
DCA” because of the debilitation of the animals receiving them. Cortisone, in their 
experiments, did not prevent the cardiac and renal enlargement produced by DCA. 
It did, however, partiallj^ prevent the DCA-induced rise in blood pressure. The effect 
of estradiol was termed “non-specific,” although it alleviated the hypertensive effect of 
DCA very markedly. 
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Spero, McIntosh, Wesner, Meinzer, Searcy, and Thompson, 1951) which 
has the ability to prevent the blood pressure clianges which accompany 
administration of DCA to a sodium-sensitized, uni-neplirectomized rat. 
The structure of this compound is shown in Figure 1. 

METHODS AND MATERIADS 

A. Animals. All experiuents were carried out on young male rats of the Upjohn 
strain (a colony developed from Spragiie-Dawley .stock), 120 to 140 grams bodj' weight 


Ho 0 
I II 
C-O-C--CH 3 
I 

C=0 



at the beginning of the experiment. Tlie rats were unilateralb^ nephrectomized (left 
kidney) and were given a diet of Archer dog food and 1% sodium chloride drink. Begin¬ 
ning on the day following nephrectomy and continuing until the end of the experiment, 
all animals were injected with (A) 2 mg DCA, (B) 2 mg DCA plus 2 mg U-0160, (C) 
2 or 4 mg U-0160, or (D) cottonseed oil onlj\ All preparations were made so that the 
daily dose was contained in 0.2 ml cottonseed oil. This concentration exceeds the 
solubility of U-OIGO, and the resulting product was a finelj’-divided suspension. 

All animals were injected once daily for 16 or 17 days. All rats’ blood pressures were 
estimated three times during the experiments: The first two sets of determinations were 
taken to accustom the animals to the apparatus (see below for description of blood pres¬ 
sure estimation technique), and to trace the course of blood pressure changes. The 
definitive values, however, are those obtained on the seventeenth to eighteenth days, 
the day before sacrifice of the rats. 

The rats were killed with chloroform and autopsied on the day following the last 
blood pressure estimation. The whole animal, the cardiac ventricles, the kidnej', and, 
in some animals, the adrenal and thymus glands were weighed. Careful attention was 
given to the presence or absence of gross lung lesions, as it has been found that the 
occurrence of infected lungs is associated with highly aberrant blood pressures. 

All experiments were designed with five or six animals in a single dosage group. Due 
to the occurrence of lung lesions in a number of animals and the necessity for discarding 
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the contributions of these animals to the data, the results reported below include a 
number of groups of three or four rats. 

Essentially the same experiment was performed at three widely separated time.s, as 
described with the results presented below. 

B. Blood Pressure Estimations. The blood pressure estimations were carried out on 
conscious, unrestrained rats bj^ a method involving measurement of optical density of 
the right hind foot during the deflation of a pneumatic cuff wrapped around the lower 
leg. The apparatus was constructed in The Upjohn Company Department of Physics 
by Mr. C. D. Alway and Mr. D. C. Cummings, incorporating principles described by 
two other laboratories: Kersten, Brosine, Ablondi, and SubbaRow (1947) found that a 
characteristic change in light transmittance of the rat foot occurred when the descending 




Fig. 2. Photograph of a record of blood pressure estimation with the Upjohn photo¬ 
electric tensometer. The record has been cut in half for conservation of space. The 
lower line indicates air pressure in the cuff, the upper line indicates photocell current. 
The point at which the upper line changes direction sharply is indicative of blood flow 
into the foot. 

external pressure equalled the sj^stolic blood pressure; Olmsted, Corcoran, Glasser, and 
Page (1948) described an apparatus which provided simultaneous recordings of the cuff 
pressure and the volume of the foot measured with a strain gauge. 

Our apparatus is constructed so that an intermittent light source of a specific fre¬ 
quency is transmitted through the foot of the lightly-held rat and impinges upon a 
photoelectric cell. The photo-cell current, routed through a series of amplifiers, activates 
the pen of a Brush Development Co. recorder. The pneumatic pressure in the bulb-cuff 
sj'stem is reflected bj' the expansion and contraction of a bellows which, through a rack- 
and-pinion mechanism, activates a potentiometer connected with a second pen on the 
Brush recorder. 

The blood pressure work was all carried out in an insulated "quiet room" with extrane¬ 
ous noise reduced to a low level. The rats were handled as gently as possible and were 
placed in the rat holder in a manner designed for comfort and freedom from excessive 
restraint. After the first few determinations the animals were generally cooperative. 

The variation in results obtained by the method is fairl}'- large. We, therefore, rou- 
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Table 1. Blood pbessube estimations 


Date 

Treatment 

rats 

Systolic blood pressures in 

mm Hg.' 

‘ I 

II 

Ill 

4-51 

Control’ 6 

DCA G 

DCA plus U-0160 G 

U-OIGO ' G 

Dat/s 5 and 6 
129(114-144) 
142 (118-166) 
119(102-137) 
138 (128-157) 

Days 11 and 12 
129 (120-139) 
156 (138-184) 
122( 99-151) 
128 (115-140) 

Day IS 

136 (128-144) 
173 (153-193) 
140 (135-150) 
125 (102-153) 

6-51 

Control’ 4 

DCA 5 

DCA plus 2 mg. 

U-0160 5 

DCA plus 4 mg. 

U-0160 4 

U-0160‘ 5 

Days 10 and 11 
12‘7 (118-138) 
160 (135-202) 

130 (105-154) 

126 (109-160) 
147 (126-190) 

Day 14 

133 (119-150) 
167 (140-197) 

122(110-135) 

130 (122-143) 
128 (119-140) 

Day 17 

130 (126-135) 
171 (146-197) 

129 (115-135) 

133 (121-146) 
140 (128-169) 

3-52 

Control’ 3 

DCA 5 

DCA plus U-0160 4 

U-0160 5 

Days 2 and S 
118(101-141) 
112 (100-125) 
114 ( 98-136) 
129 (120-135) 

Day S 

137 (123-164) 
154 (133-169) 
113 (105-123) 
118 ( 94-141) 

Days 17 and IS 
133 (127-138) 
167 (152-186) 
129 (120-142) 
120 (101-151) 

‘ Figures in parentheses indicate extremes within groups. Days indicated are days after 
nephrectomy. 

- All doses 2 mg. per rat per day unless otherwise indicated. 

’ Uninephrectoniy, 1% NaCl drink, cottonseed oil injections or no injections. 

* Suspended in saline. All other preparations suspended in cottonseed oil. 


Table 2. Body and obgan 

weights' 


Date 


Cardiac 

weights 

Kidney 

weights 

4-51 

Control’ 

DCA 

DCA plus U-0160 
U-0160 

6 179(155-214) 

6 160 (125-182) 

6 174(156-201) 

6 175 (155-218) 

324 (308-367) 
442 (336-457) 
380 (358-408) 
327 (319-324) 

705 (594- 968) 
823 (700- 920) 
779(708- 860) 
634 (542- 784) 

6-51 

Control’ 

DCA 

DCA plus 2 mg. 

U-0160 

DCA plus 4 mg. 

U-0160 

U-0160' 

4 171 (157-182) 

5 187 (172-203) 

5 131(110-156) 

4 151 (139-163) 

5 175 (166-188) 

308 (290-340) 
379 (350-440) 

336 (310-400) 

355 (330-380) 
340 (310-370) 

640 (590- 690) 
882 (740-1100) 

974 (910-1060) 

1237 (1070-1380) 
738 (660- 910) 

3-52 

Control’ 

DCA 

DCA plus U-0160 
U-0160 

3 199 (174-220) 

5 169 (150-190) 

4 152 (128-188) 

5 176 (166-188) 

304 (293-320) 
366 (350-405) 
292 (202-352) 
287 (271-298) 

723 (690- 825) 
902 (800-1020) 
1044 (755-1185) 
885 (668-1397) 


' Organ weights expressed as mg. per 100 g. body weight. Figures in parentheses indicate 
e.xtremes within groups. 

° All doses 2 mg. per rat per day unless otherwise indicated. 

’ Uninephrectomy, 1% NaCl drink, cottonseed oil injections or no injections. 

* Suspended in saline. All other preparations suspended or dissolved in cottonseed oil. 
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Note that administration of U-0176 did not antagonize the effects of 
DCA on blood pressure to any significant extent, nor did the administra¬ 
tion of 2 mg per day of maleic anhydride. 

The increase in renal mass caused by U-0160 is interesting, and maj^ 
play a role in the blood pressure effects produced by this compound. We 
have insufficient data to attempt to explain the renal effects of U-0160 
because the kidneys of these animals are undergoing changes which are 
the resultant of sevez-al factors: compensatory hypertrophy as a result of 
removal of the contralateral kidney, response to the sodium-DCA-induced 



Fig. 4. A. Terminal blood pressures (Da}"- 17-19) of rats receiving 2 mg DCA per 
clay and/or 2 mg U-0176 per day; pooled data of two experiments similar in design to 
those shown in Figure 2. B. Terminal blood pressures (Day 19) of rats receiving 2 mg 
DCA per daj'^ and/or 2 mg maleic anhj'dride in aqueous solution. Single experiment, 
four or five rats ner dose. 

diuresis, and response to the renomegalic effect of DCA itself. The role 
of U-0160 in the structure and physiolog}'- of this type of kindey is, there¬ 
fore, a research problem in itself. 

SUMMARY 

U-0160 (3,21 diacetoxy-5,7,9-pregnatrien-20-one maleic anhydride ad¬ 
duct) was effective in preventing the hypertension produced by DCA m 
the unilaterally nephrectomized, sodium-sensitized rat. This property is 
not shared by U-0176 (U-0160 less maleic anh 5 '-dride) or by maleic anliy- 
dride itself. 

U-0160 also largely prevents the cardiac hypertrophy accompanying 
DCA hypertension, but augments the increase in renal mass. 

It is considered improbable that the action of the compound is through 
release of 11-oxygenated hormones from the adrenal cortex, as there is no 
evidence of adrenal hypertrophy or thymic involution produced by the 
compound. 
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ASSAY OF ACTH ACTIVITY BASED ON THE 
EOSINOPENIC RESPONSE IN NORMAL 
AND HYPOPHYSECTOMIZED MICE' 

R. S. SPEIRS 

AVith the technical assistance of H. PANZENHAGEN and J. SULLIAAN 

R. B. Jackson Memorial Laboratory, Bar Harbor, Maine 


S INCE 1937, a number of assay procedures for ACTH have been 
proposed. These have generally been based upon a change in size of 
the adrenal glands of normal rats and baby chicks, or changes in the 
adrenal glands of hypophysectomized animals. The hypophysectomized 
rat has been the animal of choice, and the effect of ACTH on adrenal re¬ 
pair, maintenance, ascorbic acid or cholesterol levels have been used as 
end points in the assay. The ascorbic acid depletion test proposed by Say¬ 
ers, et al. (1948) has proved to be the most satisfactory one. It is an e.\- 
tremely sensitive test, reasonably accurate and veiy useful in detecting 
small amounts of hormone in body fluids. (Gemzell, 1952.) 

At the present time, the role of ascorbic acid in the synthesis or release 
of adrenal cortical hormones is unknown (Sayers, 1950). The factor in the 
ACTH that brings about the change in ascorbic acid level, may not be 
the same factor that produces an increase in size of the adrenal or release of 
the adrenal hormones. Reinhardt, ei al. (1951a, b and c) compared the re¬ 
sults of the ascorbic acid depletion test with those of the eosinopenia and 
adrenal maintenance tests. He found that the results do not compare 
favorably. A high ascorbic acid depleting power does not necessarily 
correspond to a high rate of secretion of the cortical hormones as measured 
by a reduction in eosinophils or in thymus and l 3 anph node weights. These 
data have led a number of workers to suggest that in order to obtain ac¬ 
curate results in the assay of ACTH preparations several bioassay methods 
must be used (Greenspan, Li, Simpson and Evans, 1950; Selye, 1951). 

In recent years a bioassay method for adrenal cortical hormones has 
been developed which is extremely sensitive, accurate and relatively easy 
to perform in mice (Spews and Meyer, 1951; Speirs, AATagg, Bonner and 
Homburger, 1951). This assay is based upon the ability of the adrenal 


Received for publication September 15, 1952. 

* This paper was presented before the meetings of the Endocrine Societj' on June G, 
1952. It is part of a project to study the activity of the adrenal cortex in health and dis¬ 
ease and was supported by a grant from the New York Foundation. 


300 



March, 1953 


EOSINOPHIL ASSAY OF ACTH 


301 


cortical hormones to reduce the number of circulating eosinophils in ad- 
renalectomized mice during a three hour period. It should be possible to 
modify this eosinophil method to assa}’’ ACTH. The assay would then 
measure the ability of ACTH to release the 11-oxycorticosteroid hormone 
from the adrenal cortex and would thus differ from the ascorbic acid deple¬ 
tion, repair or maintenance tests, and could be used to supplement them. 
Furthermore, it would be possible to measure the duration of the ACTH 
action upon the adrenal releasing the hormone. Such an assay might be 
very useful in developing and standardizing long-acting ACTH prepara¬ 
tions. 

The following paper is a report of a series of investigations to determine 
if the eosinopenic response of normal mice can be used to assay long acting 
ACTH preparations, 

M.A.TERI.\L AND METHODS 

The mice used in these e.xijeriments were the BBFi li 3 ’brid animals developed for the 
assaj- of adrenal cortical hormones; mice of strain 129 were used for comparison. The 
BBPi mice are the offspring of a cross between C57BR/cd and C57BL/6. Onlj' male 
mice approximateb' 6 weeks of age and weighing between 20 and 25 grams were used. 

The ACTH used in these e.xperiments was supplied bj’ Armour and Company, and 
assayed by them according to the ascorbic acid procedure. These hormones were used in 
order to determine possible assaj' procedures and no effort has been made to compare 
the eosinopenic values of various types of ACTH. 

The techniques of performing eosinophil counts described earlier (Speirs and Meyer, 
1949; Speirs, 1952a) have been modified slightly. Standard WBC diluting pipettes were 
used and the cells were counted in an Eosinophil Counting Slide (Speirs, 1952b) using a 
bifocal microscope containing 15X wide field oculars and 16 mm, objective. The eosino¬ 
phil diluting fluid consisted of the following: 

Phloxine B 0.02 gm. 

Diethylene Glycol 2 ml. 

Alconox (or similar detergent) 0.002 gm. 

Distilled Water 85 ml. 

Acetone, added just before using 15 ml. 

Precautions were taken in order to avoid an eosinopenia due to stress. To avoid dis¬ 
turbances due to fighting, etc., the mice were kept in individual cages which were placed 
in a dark cabinet maintained at 27° C. for at least 24 hours prior to the experiment. Food, 
consisting of Purina Fox Chow with a weekly supplement of rolled oats, and water, were 
given ad libitum. Eosinophil counts were performed within 10 minutes after the animals 
were first disturbed. They were removed from their cages and placed in a battery jar 
containing wood chips and warmed by a 100 watt lamp. As soon as the animals became 
active, their tails were washed in warm soapy water, rinsed, and a small nick made 
through the skin and through one of the prominent blood vessels. Profuse bleeding oc¬ 
curred in all cases. The first two drops of blood were discarded, and fresh blood was 
drawn into the WBC pipette and diluted 1:20 with the above-mentioned diluent. One 
pipette of blood was taken from each animal, and from that two chambers on the Eosino¬ 
phil Counting Slide were loaded. After allowing the cells to settle and stain for approxi¬ 
mately 15 minutes, the eosinophils in both chambers were counted. The total count of 
both chambers (twenty 1X1 X0.2 mm. volumes) was multiplied by 5 to obtain the num¬ 
ber of cells per cu. mm. of blood. 
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The changes in circulating eosinophils were given in this paper as percent decreases. 
The}^ were computed as follows: 

, Number of cells at each successive count 

(--—I— ■ „ ^ ^-1)X100. 

Number of cells at zero hours 

All positive values (an increase in eosinophils) were recorded as zero percent decreases. 


PROCEDURE AND RESULTS 

In designing any assay procedure involving the fluctuation of eosino¬ 
phils in normal animals, one must first consider the normal variation of 
these cells, particularly the diurnal variation (Halberg, 1951). In order 


1000 



TIME 


Fig. 1. Diurnal Variation of Eosinophil Cells in Blood. Each point represents the mean 
and standard error of 12 normal male BBFi mice. 

to determine this in our animals, normal male mice were maintained in 
individual cages and kept in a dark cabinet with ample food and water. 
These mice were considered to be relativelj’’ undisturbed or free of stress 
prior to the experiment. At three hour intervals throughout the day and 
night, groups of animals were removed from their cages without disturbing 
the remaining animals, and eosinophil counts were performed. Each ani¬ 
mal was used for only one eosinophil determination. This was repeated on 
two separate occasions and a total of 12 eosinophil counts were obtained 
for each period. The ihean eosinophil counts and the standard error of tlie 
mean are plotted in Figure 1. 

It may be seen that the number of eosinophils fluctuates greatly during 
the day. A peak of 700 cells per cu. mm. was obtained at 8 and 11 a.m. 
and a low of 155 cells occurred between 5 and 11 p.m. 
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The next factor to consider is the effect of mild stress upon the number of 
circulating eosinophils. Figure 2 illustrates the mean and standard error 
of the number of eosinophils in normal C57 Brown mice following mild 
stress such as handling (from Speirs and Mej'-er, 1949). A similar eosino- 
penia was also obtained in the BBFi mice (unpublished data). Thus an 



HOURS after first STIMULATION 

Fig. 2. Variation in the Number of Circulating Eosinophils in Normal Male C57 Brown 
Mice Following Mild Stress, Each point represents the mean and standard error of 9 mice. 

eosinopenia occurs in these animals following mild stress. There is com¬ 
plete recovery within 24 hours after the animals are submitted to a single 
mild stress. 

Figure 3A shows the response curve of mice which had received sub¬ 
cutaneously 2 i.u. of ACTH in J cc. of saline. This curve is essentially the 
same as the one obtained following a mild stress. By 10 hours recovery had 
begun and was complete by IS to 24 hours. 
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Figure 3B presents results obtained following the subcutaneous injection 
of 2 i.u. of ACTH suspended in 0.1 Cc. of gelatine. It may be seen that in 
the 6 and 10 hour groups, there was a decrease in eosinophils of 98% and 
99%. Recovery began by 18 hours and was complete by 24 hours. 



• ACTH INJECTED 
a INJECTED CONTROLS 


Fig. 3. Eosinopenic Response of Noma] Male BBFi Mice to ACTH. Each 
point represents a mean obtained from at least G mice. 


Figures 3C and D show animals which were injected with the ACTH 
suspended in sesame oil. In the group receiving 2 i.u., there Avas a complete 
absence of eosinophils 6 hours after the injection, and a 99% and 98% de¬ 
crease in the 10 and 18 hour groups. Twenty-four hours folIoAAdng tlie 
injection an eosinopenia of 85% was found. Recovery began by 48 hours. 
In the group receiving 4 i.u. of ACTH suspended in sesame oil recovery 
did not occur until 72 hours following the injection. 

It should be noted that in all the animals which received control in- 
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jectioiis, complete recovery in the nnmber of circulating eosinophils oc¬ 
curred within 24 hours. This agrees with earlier published data in which the 
effects of epinephrine and mild stress were studied (Speirs and Meyer, 
1949). However, the ACTH suspensions in gelatine and oil produced an 
eosinopenia which persisted for 24 hours or more. These data suggested 


Table 1. 24 hour EosiiVOPESic response of normal male BBPi mice to 

ACTH DISSOLVED IN GELATINE 


VOLUME 

INJECTED 

l.U. 

ACTH 


MICE 

0.25 ml. 

0.5 

6 


1.0 

6 


2.0 

5 


3.0 

6 


5.0 

6 



100 


95 ± 2.1 
I 97 ± 1.3 
I 99 ± 0.4 
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occurred. The animals which had received 0.25 and 0.5 ml. showed an 
average fall in eosinophils of 25% and 51% respectively. It appears that 
the larger quantities of gelatine (0.5 ml.) produce a stress reaction which 
lasts throughout the 24 hour period. 

Table 2 shows results obtained following the injection into 120 mice 


Table 2. 24 noun eosinopenic response of normal male BBFi mice to 
ACTII suspended in sesame oil 


VOLUME 

INJECTED 

I.U. 

ACTH 

MICE 

PERCENT DECREASE tN EOSINOPHILS 

0 20 40 60 BO 100 

0.05 ml. 


1 

■ 6 ± 6.5 
■■ 13 ± 13.5 


2.0 


1 





I 


9 

9 

12 

■ 6 ± 5.6 

■EEEE 28 

■■■^■1 30 


2.0 

6 

1 






4.0 

9 






0.05 ml. 

0.1 0 ml. 


12 

8 

92 ± 3.4 

86 ± 12.5 

0.20 ml. 


6 

68 

0.40 ml 


6 

‘^8tl8.l 

0.05 ml. 

0.1 ml 

0.2 ml 

0.4 ml 

0 

0 

0 

0 

6 

6 

6 

3 

CONTROLS 

WMi II ± 6.6 


of ACTH suspended in sesame oil. It may be seen that a graded dose 
response is obtained when the ACTH is suspended in 0.05 ml. of oil. 
Similar results were obtained when a volume of 0.1 ml. was injected, but 
as the volume was increased to 0.2 and 0.4 ml. responses became less 
pronounced. The control mice which had received 0.4 ml. of oil had an 
eosinopenia equal to the group that had received the same volume con¬ 
taining 2 i.u. ACTH. It would appear from the data presented here that 
the smaller volume of the vehicle produced the most consistently lugh 
response. 
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Table 3 shows the statistical treatment of the data obtained when two 
strains of mice were injected with 1 and 2 i.u. of ACTH suspended in j 
ml. of gelatine. The first line shows results obtained when two groups of 
BBFi mice were injected with ACTH. The theoretical potency was 100%, 
the potency ratio obtained was 98.9%, with a standard error of 30%. The 
index of precision was 0.33 for the 6 sets, indicating a reasonably high 
degree of accuracy. In line 2 are the results obtained when 11 pairs of 
mice from each of two strains are compared. In this ease the sensitivity 
ratio was 96% with a standard error of 11%. The index of precision was 
0.16, indicating a very high degree of accuracy. 

Injections of ACTH and gelatine were made into mice at periods varying 


Table 3. Statistical results obtained when strain BBPi and strain 129 .mice 
ARB INJECTED WITH 1 AND 2 I.D. ACTH IN 0.25 ML. GELATINE 

COMPARISON OF BBF, AND 129 MICE FOR ASSAY OF ACTH 


MICE 


RATIO OF 

b 





COMPARISON 

N 

DOSES OF ACTH 
I.U. 

SLOPE 

S 0 

X 

POTENCY 
RATIO i S E % 

t 

SLOPE 

86F| vs BBF| 

6 

2 

1 

- 160 

53.3 

0.33 

98 t 30 

.13 

j BBF| vs 129 

L—,._ 

II 

2 

1 

- 121 

20,9 

0.16 

96+1! 

.56 


from 4 to 30 days after hypophysectomy. A regression formula of Y = 684- 
67.9 Log X was obtained for 21 mice injected with §, 1 and 2 i.u. of ACTH 
in gelatine. Approximately the same sensitivity was obtained as in normal 
mice. 

Injections of 2 mg. growth hormone in gelatine or sesame oil did not 
produce a significant eosinopenia over a 24 hour period. On the other 
hand injections of very toxic oils such as turpentine rsulted in an eosino¬ 
penia which persisted for 24 hours or longer. This eosinopenia occurred 
even in the hjTiophysectomized animals. For example, injections of 0.05 
ml. of turpentine into 7 hj’pophj'^sectomized animals resulted in the death 
of 4 animals and an average eosinophil decrease of 76% in the remaining 3. 

DISCUSSION 

In this paper an attempt has been made to determine the various 
factors which would be involved in the assay of ACTH in intact mice. 
Earlier experiments had indicated that a decrease in the number of circu¬ 
lating eosinophils in a relatively short period of 3 or 4 hours was a specific 
response to the ll-oxycorticosteroids. An assay which is based upon the 
decrease in eosinophils following an ACTH injection would therefore 
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measure the amount of 11-oxycorticosteroid hormone released from the 
adrenal cortex. However, there are a number of factors which make the 
4 hour assay impractical in the mouse. Intact animals which have been 
subjected to handling or mild stress will show an eosinopenia even without 
the ACTH injections. Furthermore there is a great diurnal variation which 
must be taken into account. Animals which have been hypoph3^sectomized 
will also respond to handling and epinephrine injections with a slight eo¬ 
sinopenia (Speirs and Meyer, 1949). In addition it is very difficult to ob¬ 
tain two blood samples from these animals within a period of 4 hours. 

However, it was noted in the experiments reported in this paper that 
following mild stress or injections of non-toxic solvents the eosinophils 
would completely recover by 16 to 20 hours. The diurnal variation was 
also found to be consistent. On the other hand, injections of ACTH sus¬ 
pended in gelatine and oil produced an eosinopenia which persisted for 24 
hours or longer. These factors suggested that an assay could be devised 
which would measure the ability of ACTH to depress the number of cir¬ 
culating eosinophils during a 24 hour period. 

Injections of 0.5, 1 and 2 r.u. of ACTH wmre made into intact mice 
and the following regressions were obtained: 

Y = 56.02-1-138 Log X (in 0.25 ml. gelatine) 

Y = 51.1-1-133 Log X (in 0.05 ml. sesame oil). 

Determinations of the accuracy of the method were also made (Table 3). 
These analyses indicated that the assay wms reasonably accurate and re¬ 
peatable with as few as 6 sets of animals. Further comparisons were made 
between the BBFi and the 129 strains. The first strain is known to be 
highly sensitive to small amounts of 11-oxycorticosteroids and, wlien 
adrenalectomized, has been found to be the most satisfactory strain to 
use for the assay of corticoids. BBFi animals are approximately 12 times 
more sensitive to cortisone acetate than the 129 mice. On the other hand, 
the 129 strain has been shown to be less responsive to mild stress and han¬ 
dling as measured by a decrease in the circulating eosinophils. It was an en¬ 
tirely unexpected observation that these two strains responded in a similar 
manner to the long acting ACTH. The 129 mouse is much more docile and 
easier to handle than the BBFi and would therefore make a better assay 
animal. Other strains are being investigated to determine their sensitivity 
to ACTH and 11-oxycorticosteroids. 

The assay of ACTH by the eosinophil procedure as described above is 
far less sensitive than the ascorbic acid depletion procedure of Sajmrs (1948). 
However, it has the distinct advantage of determining qauntitatively the 
amount of release of the 11-oxycorticosteroids from the adrenal and the 
approximate period of time over Avhich the release occurs. For example, 
very high doses of ACTH in wmter solutions have little or no eosinopenic 



March, 1953 


EOSINOPHIL ASSAY OF ACTH 


309 


action 24 hours after injection. However, if the ACTH is suspended in 
gelatine or sesame oil a marked eosinopenia occurs. An assay based upon 
the duration of eosinopenia would thus be very useful in standardizing 
and comparing long acting preparations. 

Preliminarj'- experiments have indicated that hypophj'^sectomized mice 
may also be used to assay ACTH solutions. These animals appear to be as 
sensitive to the ACTH as intact animals. The primary difficulty with this 
assay in intact animals is that veiy toxic materials may produce an eosino¬ 
penia which persists for 24 hours or longer. Injections of large volumes 
of slightl}^ toxic materials which are slowly absorbed might also produce a 
persistent eosinopenia even in h 3 T)oph 3 ^sectomized mice. Therefore, care 
should be taken to run simultaneous controls using identical tj'-pe and 
quantit}’' of vehicle. 

STJMMAKY 

The ecsinophils in the circulating blood of intact, undisturbed mice 
were found to have a marked diurnal variation. When counts were per¬ 
formed on groups of 12 mice, an average of 700 eosinophils per cu. mm. 
was obtained between 8 and 11 a.m. with a rapid decrease to a low value 
of 155 cells per cu. mm. by 8 p.m. Complete recoveiy occurred by 8 a.m. 
the following morning. 

Mild stress produced a marked eosinopenia in 3 to 6 hours followed by 
an eosinophilia. There was a recovery in the level of circulating eosinophils 
within 24 hours. 

Injections of ACTH in saline solution produced an eosinopenia Avhich 
was almost identical to that produced by mild stress. However, when the 
ACTH was suspended in gelatine or sesame oil, the period of eosinopenia 
was prolonged up to 24 hours or more. 

These observations suggested that an assa}'^ for ACTH could be per¬ 
formed in either intact or hypophysectomized mice. The per cent decrease 
in eosinophils over a 24 hour period was found to be proportional to the 
quantity of ACTH injected. Statistical analysis of the data indicated that 
the regression was Y = 56.02+138 X when 0.5, 1 and 2 i.u. of ACTH was 
suspended in 0.25 ml. gelatine and injected into intact mice. The index of 
precision of 6 sets of animals injected with 1 and 2 i.u. ACTH in gelatine 
was found to be 0.33. 

Two strains of mice tested for this assay, the BBFi hybrids and the 129 
mice, were found to give almost identical responses. The index of precision 
of 11 sets of animals was found to be 0.16. 
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THE ACTION OF DESOXYCORTICOSTERONE ACETATE 
ON THE l^IAJMMARY GLAND OF THE IMMATURE 
OVARIECTOMIZED RAT 


THOMAS C. SMITH’ and LEWIS E. BRAVERMAN' 

The Biological Laboratories, Harvard University, Cambridge, Massachusetts 

D ESOXYCORTICOSTERONE acetate (DCA) exerts a progester- 
one-like action on the uterus (Van Heuversw 3 ^n, et al., 1939a; 
Engle, 1941; Masson, 1943) and mammary gland (Mixner and Turner, 
1942; Trentin and Turner, 1948; Speert, 1940) of several laboratory ani¬ 
mals. It also shows estrogen-like activit}’’ on the mammary gland (Van 
Heuverswjm, et al, 1939b; Leonard and Reece, 1942.) However, no com¬ 
prehensive study of its action on the mammaiy gland of the rat has been 
undertaken. The experiments reported here were designed to elucidate the 
action of DCA on the mammary gland of the immature ovariectomized 
rat, alone, and in comljination with estradiol or progesterone. 

MATERIALS AND METHODS 

Twenty-four day-old female albino rats were ovariectomized. Treatment was begun 
on the 29th day with daily subcutaneous injections of the hormones in sesame oil with 
the exception of the highest dose of DCA which was administered in propjdene gb'col.® 
A standard daily dose of 0.1 yg. estradiol and of 4.0 mg. progesterone was injected. The 
doses of DCA were varied from 1.0 to 10.0 mg. daily. The rats were treated for 12 days. 
Autops}"- was performed the daj' after the last injection. The right abdominal-inguinal 
mammary glands of each animal were removed, fixed in Bouin’s solution, stained with 
Mayer’s haematoxylin, and stored in methyl salicylate for later study as whole mounts. 

The areas of the glands were traced onto weighing paper and later measured with a 
Keuffel and Esser planimeter. The glands were trimmed of peripheral fat and connective 
tissue and weighed on a triple-beam balance. Lobulo-alveolar growth was rated on a 
similar scale. The uteri were also trimmed, split, blotted on bibulous paper, and weighed 
for comparative studj". 

RESULTS 

Daily doses of 2 and 5 mg. DCA resulted in glands Math ducts which were 
dilated and extended, and buds which were expanded (Table 1). There 
was no alveolar formation. Mammary gland areas were somewhat smaller 
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than in the controls. The glands resembled histologically those of animals 
treated with estradiol alone. At a daily dose of 10 mg., DCA had no effect 
on mammary duct growth. The glands resembled those of untreated 
castrated controls, in spite of the fact that uterine growth was almost as 
great as that of rats treated with estradiol. 


Table 1. Influence of DCA or estrogen on mammary growth 


Daily 

treatment 

Num¬ 
ber of 
rats 

Body weight 
(gm.) 

Area 

(cm.^) 

Mammary gland 

Change 

Final 

Weight 

(gm.) 

No. of 
alveolar 
responses 

Uterine 

weight 

(mg.) 

None 

5 

64 

105 

6.0+0.37 

0.29±0.070 

0/5 

32.2 

0.1 7 g. Estrogen 

4 

63 

102 

6.1 +0.35 

0.36±0.050 

0/4 

128.5 

2 mg. DCA 

3 

65 

110 

5.0+0.47 

0.24 + 0.015 

0/3 

Atrophic 

5 mg. DCA 

3 

69 

113 

3.9+0.32 

0.26+0.040 

0/3 

Atrophic 

10 mg. DCA 

2 

50 

93 

5.9 

0.36 

0/2 

93.5 


Calculation of standard error of the mean: 

S.E.-y'. 


n(n —1) 


It is well known that estradiol and progesterone synergize to induce lob- 
ulo-alveolar growth. Since DCA apparently exhibited estrogenic proper¬ 
ties in the preceding experiments, further experiments were designed to 
determine whether DCA Avould substitute for estradiol in this synergistic 
combination (Table 2). Animals injected with 4.0 mg. of progesterone daily 
showed glands with some duct and end bud expansion, and dubious lobu- 

Table 2. Influence of progesterone, DCA and progesterone, and 

ESTROGEN AND PROGESTERONE ON MAMMARY GROWTH 


Daily 

treatment 


Body weight 

Number _ 

of 

Change Final 


Area 

(cm.2) 


Mammary gland 


Weight 

(gm.) 


No. of Uterine 
alveolar weight 
responses (mg.) 


4 mg. Pro¬ 
gesterone 

3 

71 

114 

4 mg. Pro¬ 
gesterone -1- 
2 mg. DCA 

3 

54 

92 

4 mg. Pro¬ 
gesterone-h 

5 mg. DCA 

3 

62 

106 

4 mg. Pro¬ 
gesterone-h 
0.1 Tg. 
Estrogen 

3 

64 

101 


7.8±0.39 

0.36+0.048 

1/3 

53.3 

6.8±0.58 

0.28+0.011 

0/3 

45.0 

6.3+0.43 

0.31+0.020 

0/3 

84.2 

7.2’±0.67 

0.35+0.057 

3/3 

114.4 


lation. In all rats receiving 0.1 yg. estradiol and 4.0 mg. progesterone daily, 
the ducts and end buds were expanded, and excellent lobulation occurred. 
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(Fig. 1). A combination of 4.0 mg. progesterone and 2 mg. DCA daily led 
to expanded ducts and buds, and, in two out of three rats, doubtful al¬ 
veolar development. With a cojnbination of 4.0 mg. progesterone and 5 mg. 
DCA daily, tiiere was spottj’’ duct extension and dilation, slight bud ex¬ 
pansion, and no lobulation. 

Rats given 5 mg. of DCA daily, in addition to progesterone, had uterine 
weights which were around 50% above rats receiving progesterone alone. 
Two mg. DCA failed to effect this increase. In rats treated with estradiol 
and progesterone, average uterine weight was more than 100% increased 
over the progesterone controls. 

The next step was to determine whether or not DCA would exhibit any 
progesterone-like activit}’" in combination with estradiol. The possibility 
of any additive effects with the estrogen was also looked for. Reference to 
Table 3 shows that 0.1 yg. estradiol and 2.0 mg. DCA daiW did not elicit 
any lobulo-alveolar growth, while O.lyg. estradiol and 5.0 mg. DCA led to 
some lobulation in four of five rats: three gave a “plus one” reaction, and 
one gave a “plus two” reaction. Mammary areas showed little change 

Table 3. Ixfluence of estrogen-DCA combinations on mammaby growth 


Dailj' 

treatment 

Num- 

Body weight 
(gm.) 

Area 

(cm.^) 

Mammary gland 


ber of 
rats 

Change Final 

Weight 

(gm.) 

No. of 
alveolar 
responses 

Uterine 

weight 

(mg.) 

0.1 Tg. 

Estrogen + 

2 mg. DCA 

4 

55 94 

5.1+0.44 

0.34+0.041 

0/4 

120.3 

0.1 yg. 

Estrogen + 

5 mg. DCA 

5 

02 114 

6.2+0.18 

0.33+0.059 

4/5 

111.1 

0.1 Tg. 

Estrogen + 

10 mg. DCA 

5 

42 92 

7.510.63 

0.31 +0.029 

2-3/5 

111.3 

Propylene 

glycol 

2 

— — 

Castrate Atrophj’- 

— 


from those of rats receiving estrogen alone (Table 1). Estradiol, 0.1 yg., 
and DCA, 10 mg., daily led to a “plus three” in one and a spotty “plus 
two” reaction in two of five rats. One of the better responses is seen in Fig¬ 
ure 2, comparable to that obtained with 0.1 yg. estradiol and 4.0 mg. pro¬ 
gesterone (Fig. 1). Mammary areas were increased in this group, compa¬ 
rable to those of rats treated with estradiol and 4.0 mg. progesterone (com¬ 
pare with Table 2). Propylene glycol alone had no effect on the mammary 
glands, which were identical in appearance with those of the ovariecto- 
mized, uninjected rats. It is eAudent from these results that DCA at a dose 
of 5 mg. daily exhibits only a slight progesterone-like actiAuty in the syner- 
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Fig. 1, Mammary gland of rat injected with 0.1 7 g. estradiol and 4.0 mg. progesterone 
for 12 days. 

Fig. 2. Mammary gland of rat injected with 0.1 yg. estradiol and 10.0 mg. DCA foi 
12 days. 

gistic reaction with estradiol causing lobulation. Doubling the daily dose 
of DCA produced little additional effect on mammary lobulation. Nor 
could any additive effects with the estrogen be detected, either on the 
mammary duct system or on uterine weight. 

The possibility remained that DCA, because of structural similarity to 
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progesterone, might exhibit an additive or antagonistic action to the lobu- 
lo-alveolar induction by 4.0 mg. progesterone and 0.1 yg. estradiol daily. 
DCA, in doses of 1.0, 2.0, and 4.0 mg. daily failed to exert any additive or 
antagonistic^ effects, either on lobulo-alveolar growth, duct structure, or 
total area (compare results in Table 4 with those in Table 2). Uterine 
weights were unaltered by the superimposed DCA treatment. 


Table 4. Influen'ce of DCA on mammary growth elicited 

BY ESTROGEN AND PROGESTERONE 


Daily 

treatment 

Num¬ 
ber of 

Body weight 
(gm.) 

Area 

(cm.^) 

Mammary gland 

No. of 

Uterine 

rats 

Change Final 

(gni.) 

alveolar 

responses 

weight 

(mg.) 

0.1 7g. 

Estrogcn+ 

4 mg. 

Progesterone 
+2 mg. DCA 

2 

77 116 

6.9 

0.33 

2/2 

111.7 

0.1 7g. 

Estrogen + 

4 mg. 

Progesterone 
+2 mg, DCA 

4 

04 106 

7.2+0.81 

0.37±0.054 

4/4 

102.2 

0.1 7g. 

Estrogen + 

4 mg. 

Progesterone 
+4 mg. DCA 

4 

5S 101 

6.8±0.60 

0.33+0.038 

4/4 

114 


DISCUSSION 

DCA has mammary duct-stimulating activity in the mouse in doses of 
0.5 mg. every other day (Van Heuverswyn, et al., 1939b) and in the 
partially-hypophysectomized rat (Leonard and Reece, 1942). The present 
experiments furnish evidence that it exerts both an estrogen-like and a 
progesterone-like action on the mammary gland of the immature ovariec- 
tomized rat. Even though DCA is estrogenic wlien administered alone, it 
fails to substitute for estradiol in the synergistic reaction with progesterone 
to bring about lobulo-alveolar development. In this respect, its estrogenic 
activity is peculiar, and perhaps, atypical. 

The amount of DCA required to produce even slight lobulo-alveolar 
growth in the rat is much greater than that reported by Mixner and 
Turner (1942) to produce lobulo-alveolar growth in the mouse. In their 
experiments, DCA was approximately one-third as potent as progester¬ 
one. An exact ratio of DCA to progesterone cannot be determined from the 
present data. However, it must be pointed out that the amount of proges¬ 
terone, injected with estrogens, required to produce optimal lobulation is 
also greater in the rat (Curtiss, 1949, Smith, 1952, in preparation). 
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The progestin-like activitj’’ of DCA in these experiments inaj^ he due 
in part to a conversion of the injected DCA to progesterone, similar to 
that which has been reported for the human and chimpanzee (Horwitt, 
et al, 1944), macaque (Zarrow, et al, 1950), rabbit (Hoffman, ei aJ., 
1943) and mouse (Hooker and Forbes, 1949). However, this conversio]i, 
or other metabolic pathways of DCA have not been demonstrated in the 
rat. Consequentljq we have no liint as to what extent DCA itself or the 
metabolites of DCA are responsible for the mammotropic effects seen in 
the present experiments. 

Other lines of evidence have implicated the adrenal cortex in mammaiy 
growth processes. Tliese are the several reports that adrenalectomy affects 
mammary growth (Butcher, 1939; Reeder and Leonard, 1944; Trentin 
and Turner, 1947; Johnston and Smithcors, 1948; Cowie, 1949; Smith, 
1951). In the last-mentioned study, lobulo-alveolar growtli was unaffected 
bj'’ adrenalectomy, and the reduced duct response to tlie ovarian steroids 
and relaxin was restoi-ed b}'" administration of DCA, or other corticoids. 
Other reported effects have varied widel 3 ’’, from slight stimulation to par¬ 
tial suppression of growth, but are not completel}’’ unreconcilable. 

If the DCA-t 3 '’pe compounds pla 3 ’' more tlian a sustaining role for mam¬ 
mary growth in the rat, endogenous production must be enormous, and 
might even approach a toxic level. Tliree of nine i-ats i-eceiving thehigliest 
dose of DCA, 10 mg. dail 3 '', died during the course of treatment, while 
rats receiving the prop 3 dene gl 3 ’’col alone remained healtlD’'- These results 
suggest that this is not onl 3 " a maximal hormonal dose, but also approaclies 
a toxic pharmacological dose for this species. 

It might be expected that since DCA resembles progesterone structur- 
alty, but does not itself exert the consistent lobulating activit 3 '’ of proges¬ 
terone, it would interfere with the optimal growtli elicited b 3 ’' estradiol 
and progesterone. The possibiIit 3 ’' that tlie doses of DCA were too low, 
or the dose of progesterone was relativel 3 '’ high needs further scrutiny. 
However, with the gravimetric ratios used: 1:4, 1:2, and 1:1, no evidence 
for aiD'- inhibitor 3 '' effect was obtained. Nor was the reA^erse of tliis, an ad¬ 
ditive or S3mergistic effect, observed. 


SUMMARY 

Desoxycorticosterone acetate (DCA) alone exerts a duct-stimulating 
effect on the mammar 3 '' gland of the immature ovariectomized rat. Alone, 
or in combination with progesterone, it does not effect aiD'^ lobulo-alveolar 
growth. Five mg. of DCA dail 3 '’, given simultaneousl 3 '' with estradiol, ex¬ 
hibits a slight lobulating action, but doubling the dose of DCA to 10 mg. 
produces little additional lobulation. No antagonistic or additive effect 
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of DCA upon the S3uiergistic reaction of estradiol and progesterone in 
stimulating lobulation could be detected. 
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EVIDENCE FOR A DUAL ACTION OF PARATHYROID 
EXTRACT IN IMAINTAINING SERUM CALCIUM 
AND PHOSPHATE LEVELS' 
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R. C. FROST^ AND L. KRAINTZ 

Depl. of Biology, The Rice Institute, Houston, Texas 

T he primary mechanism through which tlie parathyroid glands in¬ 
fluence mammalian calcium and phosphate metabolism is still an 
unsettled problem. The results of past experiments have led to two diver¬ 
gent views regarding the action of the parathyroid hormone: one view 
maintaining that the principal role of the hormone is the regulation of the 
osteoblastic and osteoclastic activity of bone tissue, while the other view 
claims its action to be primarily in controlling the phosphate threshold of 
the kidney. For a recent review of the work the reader is referred to Greep 
(1948). 

While much of the recent work has been in favor of the kidney threshold 
theory, evidence has also accumulated suggesting an extra-renal function ' 
of the hormone. Considerable work has been reported showing the influ¬ 
ence of the parathyroids on bone metabolism both before and after re¬ 
moval of the kidneys (Selye, 1942; Ingalls et al., 1943; and Barnicot, 1948). 
In addition, Monahan et al. (1944) produced a fall in serum calcium in dogs 
parathyroidectomized after total nephrectomy. Stoerk (1943) prevented a 
fall in serum calcium levels of rats after total nephrectomy'- and parathy'- 
roidectomy by administration of parathyroid extracts. Similarly, Stewart 
and Bowen (1951) produced a rise in blood calcium values after nephrec¬ 
tomy in both normal and parathyroidectomized dogs. On the other hand, 
Tweedy et al. (1947, 1950) failed to find any'- influence of this gland on 
radio-phosphorus and radio-calcium distribution in nephrectomized rats. 

The purpose of this study is to present evidence that parathy'-roid extract 
may produce its primary influence on serum phosphate and calcium levels 
by independent and separate mechanisms. 

MATERIALS AHD METHODS 

More than 150 male Wistar rats, weighing between 200 and 250 grams were used in 
these experiments. The parathjn-oids were removed individually after the method of 
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Richter and Birmingham (1941). Nephrectomies were performed in two stages, the left 
kidney being removed three to tour days prior to the right. Since the rat is very resistant 
to the removal of the parathyroids, possibly due to the presence of accessory tissue, the 
test for hypoparathyroidism was a drop in serum calcium to below 7 mg.% and the ap¬ 
pearance of a partial tetanic response in the animal. Animals not showing the external 
nervous manifestations were discarded. 

Parathyroid extract was administered sulrcutaneously in a water solution, eacli 
injection containing 50 USP units. Four injections were given over a 24 hour period and 
the animals were killed four to six hours after the last injection. Blood was removed by 
heart puncture prior to killing. Serum calcium levels were determined by the method of 
Clark and Collip (1934); serum phosphates as described by LePage (1949). 

Except where otherwise indicated, the experimental procedure was as follows: On 
Day 1, the parathyroids were removed. The left kidney was removed either on the same 
or the following day. The animals were maintained on stock diet during the period of 
recuperation. The actual experiment began with the removal of food in the early evening 
of Day 4. Eighteen hours later, on Day 5, the parathyroidectomized animals which did 
not show external manifestations of parathj'roid deficiency were discarded, and the re¬ 
maining animals were divided into the various experimental groups. At this time the 
second kidney was removed and/or the first injection of parathyroid extract was given. 
Additional injections were given six and twelve hours later and on the morning of Day 6. 
The experimental procedures were terminated by bleeding the animals on the afternoon 
of'Day 6. Control groups were included in each experiment and were treated identically 
in respect to food, removal of kidneys, etc. 

RESULTS 

The animals used in these experiments were dhdded into ten groups. 
Those in the first five groups had intact parath 3 '’roid glands, while the re¬ 
maining animals were parathyroidectomized. A brief description of the 
experimental treatment of each group is given in Table 1, and the results 
are summarized in Table 2. 


Table 1 


Group 

Parathyroid 

glands 

1 intact 

Parathyroid 

glands 

removed 

Kidneys removed 

Parathyroid 

Left 

Both 

administration 

1 

* 




i 

2 

* 


* 



3 

* i 


* 


*■ 

4 

* 



♦ 


5 ! 

* 



* 

* 

6t ’ 


* 

* 



7 


♦ 

* 



8 


« 

* 


* 

9 


* 


4: 


10 


* 


* 

* 


* For time sequence of operations and parathyroid extract administration see Materials 
and Methods. 

t Killed at the time nephrectomy was completed in other animals; these serve as a base¬ 
line for further changes in serum and calcium values following complete nephrectomy. 


^ Lilly’s Solution of Parathyroid Extract. 
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Group 


Calcium 


Phosphate 


No. of 
animals 

Value 
+ S.E. 

No. of 
animals 

Value 
+ S.E. 

A. 

1. 

Intact parathyroids 
Stock Animals 

9 

11.7+0.18 

6 

7.7+0.12 

2. 

Controls 

21 

11.2+0.19 

6 

5.4+0.34 

3. 

PTH* 

7 

12.1±0.40 

7 

5.0+0.31 

4. 

Nephxt 

11 

11.6±0.32 

7 

14.6+0.61 

5. 

Nephx-PTH 

5 

11.3+0.42 

5 

14.2+0.56 

B. 

6. 

Parathyroidectomized 
PTXJ only 

21 

5.7 + 0.19 

4 

15.3 + 1.12 

7. 

Prenephx 

8 

6.7+0.31 

7 

10.6+0.43 

8. 

PTH 

8 

10.1 ±0.57 

8 

6.3+0.41 

9. 

Nephx 

18 

5.3+0.23 

11 

17.7+0.43 

10. 

Nephx-PTH 

22 

7.8 + 0.25 

16 

17.4+0.44 


* Injected with parathyroid extract, 
t Ncphrectomized. 
j Parathj'roidectomized. 


COMPAKISON OF SERUM CALCIUM VALUES 

The average serum calcium value for the normal rat has been found by 
us to be over 11 mg.% (Group 1). In the animal with intact parathyroids, 
this value is maintained at least up to 42 hours of starvation (Group 2), 
and in the totally nephrectomized starved rats is still constant 36 hours 
after removal of the last kidney (Group 4). 

The administration of parathyroid extract for 24 hours to the normal 
but starved rat produced a questionable rise in the serum calcium value 
(Group 3). Previous experiments had shown that if this dosage was con¬ 
tinued for an additional two days it would, in normal fed rats, raise the 
serum calcium level to approximately 15 mg.%. As noted by Tweedy el 
al. (1950), no increase was seen in the serum calcium level of nephrecto¬ 
mized rats treated with the hormone for twenty-four hours (Group 5). 

In the parathyroidectomized rat it was found necessary to starve the 
animal in order to produce a marked drop in the serum calcium. Up to six 
days after removal of the parathyroids, animals maintained on a normal 
diet usually had a serum calcium value in the low normal range and only 
rarely did this drop as low as 9 mg.%. However, if food is removed, as 
done in these experiments on Day 4, the calcium values drop rapidly and 
18 hours later will be found to be approximately 6.7 mg.% (Group 7). 36 
to 42 hours after removal of the food, the value will have dropped to 
5.5 mg.% (Group 6). As seen in Group 9, nephrectomy does not appear to 
alter significantly this chain of events. 

If, after starvation for 18 hours, parathyroid extract was administered 
to the parathyroid deficient rat, the serum calcium values rose rapidly and 
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24 hours later were found to be in the low normal range (Group 8). When 
total nephrectomy was completed prior to injection of the hormone, a rise 
in serum calcium was still produced though not as marked (Group 10). 
Thus, a further decrease was not only prevented, but an actual increase in 
the serum values was obsen^ed as shown by comparison of groups 7, 9, 
and 10. 


COMPARISON OF SERUM PHOSPHATE VALUES 

The serum phosphate level of normal animals has been found by us to 
be approximately 7.5 mg.% (Group 1). This value is, however, markedly 
affected by environmental conditions, particularly diet (Tepperman et al., 
1947). Starvation for 36 to 42 hours caused this value to drop to 5.4 mg.% 
(Group 2). ParathjToidectoni}'' caused a rapid rise in the serum values. 
After the IS hour starvation period, the phosphate level of those animals 
showing external manifestations of parathyroid deficiency had risen to ap¬ 
proximately 10.6 (Group 6), and by 36-42 hours was up to 15.3 mg.% 
(Group 5). 

Nephrectomy, in the normal animal, produced a rise in serum phosphate 
to approximately the same value as the non-nephrectomized parathyroid 
deficient animal (Group 4). Nephrectomy, how'ever, increased only slightly 
the already high phosphate level of the pai-athyi-oidectomized rat (Group 
9). 

At the dosage used in these experiments, parathyroid extract treatment 
had no significant effect on the serum phosphate in the normal animal 
(Group 3). In the parathyroid deficient animal, the hormone caused a 
rapid drop in the serum values to a value approaching the normal condition 
(Group 8). Nephrectomy apparentlj’’ negated this effect of the hormone 
entirely (Groups 9 and 10). 


DISCUSSION 

Since Collip ei al. (1925) first discovered the influence of the parathy¬ 
roids on calcium and phosphorus metabolism, it has become well-estab¬ 
lished that as a result of parathjToid removal the serum calcium level 
rapidly falls, accompanied by a corresponding increase in the serum phos¬ 
phate value. Very little emphasis, however, has been placed on the observa¬ 
tions, which have been shown before and confirmed by these studies, that 
the sequence of changes in the serum calcium levels is not influenced b 5 ’' 
total nephrectomy performed either at or subsequent to the removal of 
the parathyroids; and that only minor further increases in the phosphate 
serum values are produced by such removal of the kidneys. 

It has also been well established that, in the hj^poparathyroid animal in 
which low serum calcium and high phosphate levels are present, injection of 
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parathyroid extract produces an immediate increase in the excretion of 
phosphate by the kidneys, accompanied by a lowering of the phosphate and 
raising of the calcium serum values. Removal of the kidneys prior or during 
this sequence of events has a marked influence only on the phosphate 
changes. All effect of the hormone on the phosphate levels seemingly is 
lost; however, the calcium values will continue to rise though the rate is 
somewhat restricted. 

Careful consideration of these data and those presented by the investi¬ 
gators referred to in this work points very strongly to the facts that cal¬ 
cium and phosphate serum values can vary independently of each other; 
that normal calcium values can be maintained in the presence of phosphate 
values two and a half to three times their normal value, and that the effect 
of parathju'oid extract on serum calcium of the parathyroid deficient rat is 
not negated by the removal of the kidneys. 

In the light of these facts, one cannot see how any theory of the sequence 
of events produced by parathyroid extract can be tenable which makes 
renal excretion of phosphorus the only means by which the hormone can 
influence calcium metabolism, though indirect influences by means of 
changes in the phosphate levels very probably occur (Albright and Reifen- 
stein, 1948). 

At the present time there appears to be two alternatives: one wliicli 
would conclude that the hormone exerts its influence directly on only one 
of these ions, and that the indirect influence on the other is caused, not 
only by the solubility product of these two ions in the blood, but also by 
some other extra-renal influence either in the bones or elsewhere; or tliat 
the hormone has a dual action, controlling phosphate primarily througli 
its renal effect, and calcium primarily through an extra-renal influence. 

Due to the wealth of data shoAving the influence of the parathyroids on 
renal excretion of phosphate and to the widely fluctuating serum phosphate 
levels possible in the presence of a constant calcium Amine, the latter al- 
ternatiAm is considered to be more likel3^ 

SUMMARY 

The influence of nephrectomy upon the action of parathyroid extract 
has been studied in rats. This extract Avas administered to normal and 
parathyroid deficient rats which had been nephrectomized in a tAVO-stage 
operation. Both serum phosphate and serum calcium Amines Avere deter¬ 
mined. Nephrectomy appeared to nullify all effects of parathryoid extract 
upon serum phosphate levels. HoAvever, the effect of the extract on serum 
calcium, though someAvhat suppressed, Avas still apparent. Not only did 
the parathyroid extract prevent a further decrease in serum calcium in the 
nephrectomized parathyroid-deficient rat, but Avhen 200 USP units Aveie 
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administered OA’er a 24 hour period following removal of the last kidney, 
a definite rise in serum calcium was noted. 'Due to these observations, it 
is concluded that for its normal function, the paratlijToid extract has a 
direct and independent effect on both calcium and phosphate metabolism. 

ADDENDUM 

Attention is called to the recent publication by Stewart, G. S. and 
H. F. Bowen {Endocrinology 51: 80.1952) which appeared since submitting 
this manuscript. These authors are suggesting that the phosphate excretion 
factor of the paratlDU-oid gland extract is an artifact, leaving the calcium 
mobilizing factor the primary function of tlie paratliju-oid glands. 
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THE EFFECTS OF CORTISONE AND DESOXYCORTICOS- 
TERONE ON THE RENAL TUBULAR REABSORPTION OF 
PHOSPHATE AND THE EXCRETION OF TITRATABLE 
ACID AND POTASSIUM IN DOGS' 

KATHLEEN E. ROBERTS^ and ROBERT F. PITTS 

Department of Physiology, Cornell University Medical College, New York, New York 

I T HAS been demonstrated tJiat the renal tubules of dog and man are 
capable of reabsorbing a fixed and limited quantity of phosphate per 
unit of time when presented with an excess in the glomerular filtrate 
(Pitts et al., 1944; Schiess et al., 1948). Since absorptive capacity is inde¬ 
pendent of glomerular filtration rate over a fairly wide range (Ayer et al, 
1947) the renal mechanism which handles phosphate, like that which 
handles glucose, exhibits a true Tm relationship. More recently, it has been 
observed, in man, that an increased renal excretion of phosphate follows 
the administration of cortisone and ACTH. Moreover, negative phos¬ 
phate balance, depletion of intracellular stores of phosphate and deminer¬ 
alization of bone have been observed in conditions of h 3 "per-adrenocorti- 
cism (Albright 1942, Eliel et al., 1951; Ingbar et al., 1951; Pearson et al, 
1950; Freeman et al., 1950; Soffer et al., 1950). Although logically inferred, 
it has not been clearly defined that this increment in phosphate excretion 
results from an alteration in the renal tubular capacity for phosphate reab¬ 
sorption consequent upon an excess of adrenal hormone. Accordingly the 
series of experiments described below was performed to determine the ef¬ 
fects of cortisone and desoxycorticosterone on the renal tubular reabsorp¬ 
tion of phosphate.' Since exchange of hydrogen and potassium ions for 
sodium bound by urinary buffers plays a significant role in sodium con¬ 
servation (Berliner, 1951, Pitts 1950), the effects of these steroids on 
titratable acid and potassium excretion were observed simultaneously. 
These experiments show that cortisone depresses the renal tubular re- 
absorptive capacity for phosphate, Avhereas desoxycorticosterone is with¬ 
out effect. On the other hand, no clear cut effects of either steroid could be 
demonstrated on the renal mechanisms involved in the excretion of ti¬ 
tratable acid and potassium. 

Received for publication August 29, 1952. 
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METHODS 

In all, 21 experiments were performed on 4 normal and 2 adrenalectomized dogs, 
both untreated and treated with cortisone or desoxycorticosterone.’ Piior to the 
experiments on adrenalectomized dogs, hormone treatment was discontinued for 5-7 
days and the animals were maintained with 0.6% salt solution ad lib. during this interval. 
In order to define the maximal tubular capacity for reabsorption of phosphate, the plas¬ 
ma phosphate level and thus the amount presented to the renal tubules were increased 
by the infusion of neutral sodium phosphate. In some of the experiments the plasma 
phosphate level was elevated in stepwise fashion; in others a constant infusion of phos¬ 
phate was maintained. Cortisone, in amounts of 50 to 75 mgm., or desoxycorticosterone, 
2 to 5 mgm., was administered intravenously either prior to, or during the course of the 
experiment. Cortisone acetate was given as a microcrystalline suspension in saline. 
De.xosycorticosterone was given as the ciystalline preparation dissolved in sesame oil 
and homogenized with saline. Greatinine, which was used to measure the rate of glomer¬ 
ular filtration, was infused with the phosphate in amounts sufficient to maintain opti¬ 
mum plasma levels. Sodium and potassium concentrations of plasma and urine were 
determined with an internal standard flame photometer. Creatinine was determined 
colorimetrically by the method of Bonsnes (Bonsnes, 1945). Titratable acid excretion 
was determined by electrometric titration as described in a previous communication 
(Pitts et aL, 1945). Phosphate was determined on trichloracetic acid filtrates of plasma 
and diluted urine by the method of Fiske and Subbarow (1925) as modified by Pitts 
(1933). 

RESULTS 

Table 1 summarizes tlie data of three tj^pical experiments performed on 
three dogs and demonstrates the effect of the administration of cortisone 
or desoxycorticosterone on the reabsorption of phosphate. In these experi¬ 
ments constant infusions of neutral phosphate were instituted 30 min. 
prior to the first control period and maintained tliroughout the experiment. 
Following two control periods of twenty minutes, the steroid was given 
and the effect upon phosphate reabsorption, potassium and titratable 
acidity measured over a period of 60-80 minutes. The experiment at the 
top of the table illustrates the decrease in tubular reabsorption of phos¬ 
phate which follows the injection of 50 mg. of cortisone in a normal dog. 
This occurs within a thirty-minute period following steroid administra¬ 
tion. The second experiment shows that desoxycorticosterone has no effect 
on the renal tubular reabsorption of pliosphate. The third experiment 
demonstrates that cortisone caused a decrease in phosphate reabsorption 
in an adrenalectomized dog maintained witliout hormone substitution 
therapy for six da 5 ''s which was similar to that seen in the normal animal. 

Figure 1 shows graphically the average change in phosphate Tm result¬ 
ing from adrenal steroid injection in four normal dogs. Each box represents 
the average phosphate reabsorption in mM./min. over a period of 90 to 

^ We are greatly indebted to the Schering Corporation for the generous supply of 
desoxycorticosterone used in these experiments. 
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100 minutes in untreated dogs and following the administration of corti¬ 
sone or desox^Torticosterone. Tlie average phosphate Tm was calculated 
by averaging tlie pliosphate reabsorbed in 3-5 different experiments on 
each dog. From this, it can be seen tliat cortisone significantly reduced 
phosphate reabsorption whereas desoxj’-corticosterone had no such effect. 

Table 1. The effects of cortisone and desoxycorticosterone on the phosphate re¬ 
absorption IN TWO NORMAL DOGS (1 AND 2) AND ONE ADRENALECTOMIZED DOG (3) 


Plasma 


Phosphate Excreted 


Urine 

flow 

cc./min. 


Glomer¬ 

ular 

filtration 

rate, 


Phos- Potas- 
phate sium 
nilM/L niM/L 


Fil- Ex- Reab- 

tered oreted sorbed 


Titract- 

able 

acid 


Potas¬ 

sium 


mM/min. 


mM/min. 


1.9 

75.7 

4.26 

2.31 

75.5 

5.29 

3.7 

74.8 

5.9 

4.8 

75.5 

6.23 

6.2 

81.2 

6.48 


1.2 

103 

4.07 

1.4 

94 

4.29 

3.3 

94 

4.65 

4.1 

102 

4.77 

3.8 

106 

4.80 


2.6 

68 

5.96 

3.4 

69 

6.07 

2.9 

61 

5.84 

3.0 

61 

5.42 

2.7 

66 

4.95 


1 


3.64 

Control 

.322 

.211 

3.14 

.405 

.305 

3.14 

Cortisone 

.441 

.379 

3.0 

.470 

.430 

2.7 

.526 

.476 

3.85 

2 

Control 

.419 

.262 

3.85 

.403 

.266 

Desoxycorticosterone 

3.85 

.435 

.304 

3.8 

.487 

.343 

2.6 

.509 

.359 

3 

Adrenalectomized 


5.5 

Control 

.405 

.203 

5.8 

.418 

.224 

5.5 

Cortisone 

.356 

.228 

5.0 

.330 

.217 

4.5 

.327 

.204 


.111 

.046 

.086 

.100 

.056 

.094 

.062 

.056 

.073 

.040 

.075 

.089 

.050 

.080 

.131 


157 

.052 

.092 

137 

.050 

.072 

131 

.107 

.063 

144 

.095 

.108 

150 

.085 

.139 


202 

.159 

.003 

194 

.152 

.082 

128 

.110 

.128 

113 

.097 

.135 

123 

.095 

.142 


TITRATABLE ACID AND POTASSIUM EXCRETION 

Figure 2 shows the increase in potassium and titratable acid excretion 
which occurs as increasing amounts of phosphate are filtered and thus ex¬ 
creted, under normal circumstances and under the influence of cortisone. 
In the upper part of the figure the sum of potassium and titratable acid, 
as a measure of sodium conservation, is plotted as a solid line. In tlie lonei 
part of the figure is shown the increment in sodium excretion which occuis 
simultaneously with the increased excretion of titratable acid and potas- 
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silim. In this pair of experiments the amounts of these substances excreted 
are seen to be somewhat increased followin!? cortisone, especially when 
smaller amounts of phosphate were filtered. We have presumed this to be 
related to the decrease in phosphate Tm. The resulting increase in phos¬ 
phate excretion per unit filtered led to an increase in sodium, potassium 



Fig. 1. Effects of cortisone and deso.xycorticosterone on the average phosphate 
reabsorption in four normal dogs. 


and hydrogen ion excretion. However this has not been a consistent find¬ 
ing. In all animals, the general pattern of titratable acid and potassium ex¬ 
cretion was not significantly altered by the administration of adrenal 
steroid. Further, the response of the adrenalectomized salt-maintained 
animal did not differ from the normal when the animal was presented with 
a phosphate load. Reference to Table 1 shows that the adrenalectomized 
animal excretes considerable amounts of titratable acid and potassium fol¬ 
lowing administration of phosphate. Similar results were obtained in 6 ex¬ 
periments on 2 adrenalectomized dogs. 

Figure 3 illustrates further that no specific quantitative differences in 
titratable acid excretion could be attributed to the influence of adrenal 
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steroid. In tliis figure is sliouai the rise in titratable acid excretion M-hicli 
occurs as increased amounts of pliospliate are excreted in tlie normal and 
adrenalectomized dog, botli witli and without adrenal hoi-mone. No con¬ 
sistent differences were noted between normal animals and those sub¬ 
jected t.o adrenalectomj^ nor was the excretion of hj’^drogen ions effected 
bj’’ cortisone or desox.ycorticosterone. 

DOG‘o’ 


NORMAL CORTISONE 



Fig. 2. Sodium, potassium and titratable acid excretion during phosphate loading 
in a dog with and without cortisone. 

DISCUSSION 

From the data presented above, it is evident that the depression of phos¬ 
phate Tin following cortisone administration may be a factor in bringing 
about the negative phospliate balance observed'following the administra¬ 
tion of cortisone or ACTH. The increase in the renal excret ion of phosphate 
if continued sufficientl}’' long could account for intracellular depletion of 
phosphate. 

Although other factors may be operative in bringing about the altera¬ 
tions in phosphate metabolism observed in hyperadreiiocorticism, these 
experiments do not elucidate the nature of these mechanisms; nor was any 
attempt made in these experiments to compare t.he relative significance of 
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a reduction in phosphate Tin to other factors known to influence phos¬ 
phate metabolism. 

Since the adrenalectomized rat and the Addisonian patient have been 
reported to show defects in ammonium and titratable acid excretion, it 
might be expected that the adrenalectomized dog would display a renal 
deficit in the exchange of hydrogen and potassium ions for sodium (Loeb 


et ah, 

1933; Pitts, 1950; Stahl et ah, 1936). Such was not found to be the 
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Fig. 3. Titratable acid excretion plotted as a function of phosphate excretion in 
normal, adrenalectomized and hormone-treated dogs. 


case in our experiments. When presented with a phosphate load, the excre¬ 
tion of titratable acid and potassium did not differ significantly from that 
seen in normal animals. Further, this response was not modified by corti¬ 
sone. In fact, no clear cut effects of either cortisone or desoxycorticosterone 
could be demonstrated upon the excretion of these substances per se; any 
alterations which did occur appeared to be secondary to those alterations 
in phosphate excretion which followed cortisone administration. From this, 
we infer that cortisone does not exert a major influence directly on the 
renal tubular mechanisms involved with the exchange of hydrogen and 
potassium for sodium in the dog. 
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CONCLUSIONS , 

(1) The renal tubular reabsorptive capacity for phosphate is decreased 
following the administration of cortisone in intact and adrenalectomized 
dogs. (2) Desoxycorticosterone does not depress the phosphate Tm. 
(3) The increase in excretion of titratable acid and potassium, which oc¬ 
curs as increasing amounts of phosphate are excreted, is not significant 
altered by administration of cortisone or desoxycorticosterone. (4) Ad¬ 
renalectomized animals maintained on sodium chloride show the same 
increase in the excretion of titratable acid and potassium following phos¬ 
phate loading, as that seen in intact animals given a similar phosphate 
load. 
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CYTO-PHYSIOLOGIC ASPECTS OF THYROTROPHIC 
HORIN'IONE SECRETION IN THE 
GOITROUS GUINEA PIG* 

SAVING A. D’ANGELO 

From the Daniel Baugh Institute of Anatomy, Jefferson Medical College, Philadelphia, 

Pennsylvania 

T he assignment of cell types to specific hormone secretions in the 
adenohj'-pophysis continues to thwart proper understanding of the 
mechanisms underlimig th 3 u-oid-h 3 '-poph 3 ’'seal interpla 3 ^ Earher opinion 
(Severinghaus, 1937) favored the pituitaiy acidophile as the source of 
tlyToid stimulating hormone (TSH) but recent investigations, based 
largel 3 ^ on the rat, more clearl 3 ’’ iniplicate the basophiles (Griesbach and 
Purves, 1945; Brohn, 1945; Goldberg and Chaikoff, 1949; and Halmi, 
1950). Purves and Griesbach (1951) moreover, have applied histochemical 
procedures to the rat adenoh 3 '’poph 3 '’sis which allegedl 3 ’' discriminate be¬ 
tween th 3 Totrophic and gonadotrophic hormone producing cells routinely 
classed as basophiles. Despite the apparent relationship between th 3 Toid 
activation and pituitary basophilia (D’Angelo, 1941; Griesbach, 1951), 
cellular localization of TSH production in the lypoply^sis is not satis¬ 
factorily established. The general failure to demonstrate increased content 
of TSH in the rat pituitar 3 ’- after procedures (tly’-roxine deficienc 3 '', cold) 
which presumabl 3 ’- acti^^ate the tlyrotrophic mechanism clouds interpreta¬ 
tion of its morphology (Kuschinsky, 1935; Turner and Cupps, 1940; 
Griesbach and Purves, 1943). The need for histophysiologic studies of 
th 3 Toid-pituitar 3 '' interaction in species other than the rat is consequentl 3 ’' 
urgent. The relativel 3 ’' low content of TSH in the blood and h 3 '^poph 3 ’-sis 
of the guinea pig (D’Angelo and Gordon, 1950) suggests a t 3 '^pe of tlya-oid- 
pituitar 3 '^ balance which ma 3 ^ respond markedl 3 ’' to proper endocrine ma¬ 
nipulation. Accordingly, a detailed investigation of th 3 ''roid and pituitar 3 >' 
parameters is being made in this form, one phase of which has alread 3 ’- been 
reported (D’Angelo, Paschkis, Cantarow, Siegel, and Rivero-Fontan, 
1951). In the present stud 3 q blood and pituitaiy TSH levels have been 
determined and correlated with morphologic changes in the th 3 ’'roid and 
h 3 Tpoph 3 ’'sis of guinea pigs made ly’-potlyu-oid with an anti-th 3 ’’roid agent. 

METHOD 

A total of 110 normal and experimental guinea pigs were used. Animals received 
prop 3 'ltliiouracil (0.1%) in the basic ration (Purina Omolene) for periods of 7, 40, and 80 

Received for publication September 10, 1952. 

* Supported bj’ Grant RG-2407, Public Health Service. 
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da 3 ^s, with control animals receiving the basic ration alone. At sacrifice, the thyroid and 
hypophysis were quickly removed, weighed on a microtorsion balance, and prepared for 
microscopic studJ^ Pituitaries were divided sagittall}^ with portions fixed either in Helly’s 
of Champy’s fluid. Tissue from the latter were post-osmieated (4-5 daj^s at 37° C.) to 
demonstrate the Golgi apparatus. Serial sections of paraffin-embedded pituitaries were 
cut at 2, 3 and 4 micra, and were stained with modified Masson or azan procedures 
Thju'oid response was evaluated by microhistometric measurement of the acinar cell 
height (a total of 200 follicular cells per thyroid lobe was measured). Blood for the bio- 
assaj" studj^ was obtained bj’’ cardiac puncture under light ether anesthesia. The sera of 
animals in respective control and experimental groups were pooled and frozen until 
I'eadj^ for assay bj’’ the stasis tadpole technic (D’Angelo and Gordon, 1950). The pitui¬ 
tary extract was prepared bj’’ a standardized procedure used in the laboratoiy. Seven 
anterior lobes (posterior lobe removed bj”- blunt dissection) were homogenized in acidi¬ 
fied saline (0.25% glacial acetic acid). The material was extracted twice and, after centri¬ 
fugation, the clear supernatant fluid was bioassajmd for TSH in the tadpoles.' Extract 
volumes were adjusted so tliat each test animal received an equivalent of 1.4 milligrams 
of anterior pituitary tissue over a period of 4 injections. For blood assa}’- a total of 0.30 
cc. of serum was given in 6 injections. 


Table 1. Blood thyroid-TSH balance and TSH content of the 

ANTERIOR riTUITART IN THE GOITROUS GUINEA PIG 


Mean body 
wgt.-gm. 
(no. pigs) 

Days 

on 

drug 

M. thyroid 
wgt.-mg. 

M. thyroid 
celi hgt. 

(g) 

M. ant. 
pit.-mg. 

Ant. pit. nss.ay 

Blood assay 

100 gm. 
body wgt. 

100 gm. 
body wgt. 

Thy. cell 
hgt. ill) 

Est. TSH 
in extract 

H-Iimb 

incrense 

(mm.) 

thyroid 

cell 

hgt. (a) 

5.58 ±75' 

(7) 

0 

15.1±1.0 

7.1±0.2 

1.6±0.07 

7.8±0.3 

l.Ogg.5 
(0.8-2.4) 

2.4±0.15 

5.1±0.1> 

435 ± 50 
(7) 

7 

17.2±0.9 

7.5±0.3 

1.8±0.15 

0.9±0.2 

0.4gg. 
(0.2-0.3) 

2.4±0.1 

5.9±0.1 

384 + 20 
(7) 

40 

2G.S±2.G 

12.0±0.9 

I.9±0.I2 

8.G±0.3 

4.0gg. 

(2.5-G.O) 

1.8±0.1 

5.8±0.l 

480 ± 50 
(7) 

78 

G8.9±9.5 

12.2±0.3 

2.2±0.09 

9.5±0.2 

14.0ug. 

(10-20) 

1.2±0.1 

3.9±0.2 

357 ±30 
(7) 

0 

1G.1±1.0 

7.1±0.3 

1.8±0.08 

7.6±0.2 

1.2gg. 
(0.5-1.6) 

2.6 + 0.2 

5.3±0.1 


‘ Mean body wet. at sacrifice±avg. dev.; in aU other columns±values represent standard error of mean. 

2 TSH content of guinea pig pituitary extracts given in mean micrograin equivalents (range; of a prer-iously stand¬ 
ardized thyrotropin preparation (D'Angelo. Endocrinology 48: 249, 1951). 

’ Refers to mean hind-limb increase and thyroid cell height in stasis tadpoles receiving guinea pig sera. 


RESULTS 

The summarized data (Table 1) confirm the earlier finding (D’Angelo 
et al., 1951) that there is appreciable delay in the onset of morphologic 
change in the thyroid. Neither thyroid weight nor acinar cell height was 
changed from normal with seven days treatment of propylthiouracil. The 
TSH content of pituitary and serum was significantly altered, however. 
TSH concentration in the adenohypophysis decreased to one-fourtii of 
normal, whereas, blood TSH, not detectable in normal guinea pig serum, 

' Grateful acknowledgment is made to Mrs. Ada Schafer and Mrs. Betsey Brownlee 
for technical assistance. 
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rose to levels approximating 0.001 JSUVml- With continued treatment, 
elevation of the thyroid cell height, colloid release, and hyperplasia oc¬ 
curred (Fig. 1). The anterior pituitary eA'^entually enlarged, and TSH con¬ 
centrations in the gland vere markedly increased (approximately 280% 
and 1000% of normal at 40 and 78 da 3 ^s respectively). The elevated blood 
TSH titers were maintained at a relatively constant level throughout. 
The decreased hindlimb extension in tadpoles given such sera indicated 
that the heightened TSH titers were accompanied bj^ simultaneously 
lowered levels of thjn-oid hormone. This shift in the thyroid-TSH blood 
equilibrium follows the inhibition of thju'oid hormone formation with 
goitrogen (D’Angelo and Gordon, 1950). 

The thja-otrophic hormone shifts in blood and hypophysis, as well as 
the morphologic changes in the thjToid, appeared to be closely dependent 
upon alterations in the pituitaiy basophiles. (The detailed changes in 
h 3 '^poph 3 '^sial cell t 5 '^pes, as related to disturbances in the thyroid-pituitar 3 ' 
axis, will be considered elsewhere; onl 3 '' the major changes which occur 
with goitrogen will be given here.) The basophilic population, normally 
concentrated around the area of the stalk along the median, ventral, 
aspect (bone surface) of the gland showed definite structural changes as 
earty as several da 3 '-s following propylthiouracil treatment. These involved 
a decrease in the numbers of large, finel 3 '' granular, deepl 3 ’- staining baso¬ 
philes and a simultaneous increase in small, coarsel 5 ’- granular cells with hy- 
perchromatic nuclei (Figs. 2 and 3). After prolonged treatment—when 
TSH concentrations in the gland were appreciably augmented—there was 
marked hypertrophy and h 3 'perplasia of both light and deeply staining 
varieties of basophiles, their distribution in the gland becoming wide¬ 
spread (Fig. 4). The dark, irregularly-shaped basophiles were unusually 
large. These cells were further characterized b 3 ^ a fine cytoplasmic granu- 
latipn, hypertrophied Golgi networks, and by large nuclei bearing numer¬ 
ous prominent nucleoli (Figs. 5 and 6). Vacuolation was rare, however, 
and no obvious counterpart to the so-called “thyroidectomy” or “goiter” 
cell of the rat appeared. There did appear after prolonged treatment, how¬ 
ever, certain rather large basophilic cells in the stalk area displaying a 
coarsel 3 ’' punctated granulation in an otherwise clear chromophobic C 3 "- 
toplasm. Although the acidophiles remained numerous throughout treat¬ 
ment, an appreciable proportion of these cells showed regressive changes. 
Cytoplasm was visible onl 3 ’- as rims or crescents of sparsely granular acido¬ 
philic material. Nuclei were p3’'cnotic and the Golgi appratus became in¬ 
conspicuous. Many acidophiles retained the normal structural pattern, 
however. 


° Junkmann-Selioeller Units. 
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DISCUSSION 

The initial diminution and subsequent marked rise in pituitary TSH 
content found with chronic goitrogen treatment indicates the necessity of 
considering the duration factor in cyto-physiologic studies of the adeno¬ 
hypophysis. Failure to consider this may well account for the sharply con¬ 
flicting reports regarding TSH content of the rat pituitary in thyi-oxine de¬ 
ficiency (Griesbach and Purves, 1943; Turner and Cupps, 1940; Gordon 
et al., 1945). The importance of accurate definition of blood TSH levels in 
conjunction with pituitary examination is equally obvious. It can be 
safely inferred from the present study that the inhibition of tlijunid hor¬ 
mone formation with propylthiouracil elicits augrnented release of TSH 
from the pituitary. With short periods of treatment, thyrotrophic hor¬ 
mone release into the circulation must occur before the mechanism of pro¬ 
duction is appreciably activated. As thyroid hormone deficiency continues, 
TSH production eventually surpasses release, so that hormone stores in the 
pituitary now augment. The relatively constant blood levels of the hor¬ 
mone throughout may mean that delivery of TSH into the circulation, 
under these conditions of thyroid hormone deficiency, is at a maximal rate. 
The possibility still exists, however, that increased production of TSH in 
the pituitary is accompanied by an increased delivery rate of the hormone 
into the blood with this augmented release of TSH counterbalanced, in 
turn, by excessive destruction or inactivation in the circulation. 

The strong basophilia of the pituitaiy found at a time when TSH con¬ 
tent of blood and hypophysis is high makes it more than probable that the 
genesis of TSH resides in this cell type. The persistence of the acidophiles 
in the hypophysis of the goitrous guinea pig, as contrasted with their disap¬ 
pearance in the rat, does not complicate interpretation of the cytologic 
picture. Neither in numbers, granule content, nor in the behavior of the 
cytoplasmic organoids, can the acidophiles be correlated with change in 
TSH stores of the pituitary. The association of this cell type with continued 


Explanation of Figs. 1-4 

Fig. 1. The histologic response of the th 3 ’Toid gland after 78 days treatment with 
goitrogen (Bonin’s Picro-Formol; H. and E., X350). 

Fig. 2. A section through the normal adenolwpophj'sis displajdng several large baso- 
philes (upper right) and the more numerous smaller acidophiles (black, elongate elements 
at left; Helly’s, Masson, X700). 

Fig. 3. The widespread degranulation and diminution in size of the chromophiles in 
the pituitary after 5 daj^s on drug (Helly’s, Masson, X700). 

Fig. 4. The adenoh}"poph 3 ’^sis of a guinea pig after 85 da 3 "s on goitrogen. The baso- 
philes (gre 3 '^) are h 3 '^perplastic; acidophiles (black) are small with rims or crescents o 
granular c 3 '^toplasm (Helh^’s, Masson, X700). 
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EFFECT OF HYPOPHYSECTOMY ON METABOLISM 
IN NORMAL AND THIOURACIL TREATED C3H MICE 

S. H. WOLLMAN and R. 0. SCOW 

Nalional Cancer Institute and National Institute of Arthritis'and Metabolic Diseases, 
National InstiUdes of Health, Federal Security Agency, Public 
Health Service, Bethesda, Maryland 

INTRODUCTION 

M any studies have been made of the effect of hypophysectomy on 
the radioiodine metabolism of the rat (Leblond, Sue and Chamorro, 
1940; Leblond and Sue, 1941; Morton, Perlman, Anderson and Chaikoff, 
1942; Cortell and Rawson, 1944; Chaikoff and Taurog, 1949; VanderLaan 
and Greer, 1950; Ghesh, Woodbury and Sayers, 1951; Randall and Albert, 
1951; Randall, Lorenz and Albert, 1951; Albert, Tenne}' and Lorenz, 1952). 
Similar studies in the mouse have not been reported as yet. 

This paper presents the experimental findings made in a study of some 
effects of hypophysectomy on metabolism in C 3 H mice with either nor¬ 
mal or hyperplastic thyroid glands.^ Data are reported on the uptake 
by the thyroid gland, on the percent of thyroid in thyroxine, and on the 
concentration of radioiodide in the thyroid gland compared to that in the 
serum. It was found that the content of the thyroid gland 25 hours 
after injection undergoes an extensive and progressive decrease with 
increasing time intervals after hypophysectomy. In contrast, while the 
ratio of radiodide content of the thyroid gland to that of serum decreases 
after hypophysectomy, it remains elevated above 50. 

METHODS AND MATERIALS 

The radioiocline studies were made in male C 3 H mice between four and five months 
of age. The mice were supplied the Animal Production Unit of the National Institutes 
of Health. 

Diet: Two groups of mice were studied. One group was fed from weaning a pelleted 
stock diet of moderately low iodine content (Wollman, Scow, Wagner, Morris, 1952). 
After weaning, the other group was fed for three months a meal diet similar in composi¬ 
tion to the stock diet but containing a supplement of 2.5 gm. of thiouracil per kilogram. 
It was then fed the stock diet without supplement for the remainder of the experiment. 

Operative procedures: Hj'^pophysectom}'^ was performed through a parapharyngeal 
approach (Korteweg and Thomas, 1939) when tlie mice were about four months old. 
In the sham operation, the hypophysectom 3 ' procedure was followed up to and including 

Received for publication September 15, 1952. 

' A preliminarj’^ report of these results was presented at the New York meeting of the 
Federated Societies in April 1952. (Wollman and Scow, 1952.) 
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the removal of the outer table of the occipital bone. Onlj^ those hj'pophysectoraized 
mice are included in this report in which complete extirpation of the gland had been 
achieved as ascertained by visual examination (9 X magnification) of the sella turcica 
and adjacent tissues. Serial sections of the sella turcica and adjacent bone, stained 
with hemotoxjdin and eosin, were made of the hypophysectomized mice in certain groups 
as evidence of completeness of the operation. Testes weights were obtained in certain 
groups of normal and hypophysectomized mice. 

measurements: The 1“' in thyroid glands or in extracts of thyroid glands was 
measured by gamma counting (Wollman, Morris and Green, 1951). The in serum was 
measured by adding 0.05 ml. serum to 0.95 ml. of H 2 O containing a mg. of carrier Nal. 
An aliquot of this solution was dried on a copper planchet and counted with an end 
window counter. The statistical counting error rvas less than three per cent by either 
method. The counting rate of a sample using the beta counter was 150 times that using 
the gamma counter. 

Uptake 25 hours after injection: In the 25-hour uptake studies, each mouse re¬ 
ceived intraperitoneally 10 pc. of carrier free I‘’‘ * and was killed with ether 25 hours later. 
The th 5 'roid gland, after weighing, was placed in 1 ml. 2 N NaOH and its I”* content was 
determined. The thyroid gland of each mouse fed the thiouracil-free diet was then hy¬ 
drolyzed on a steam bath, and the thyro-xine fraction was isolated by the butanol ex¬ 
traction method of Taurog and Chaikoff (1946) and its P®’ content determined. 

Uptake at hours after injection: One and one-half hours after receiving 10 pc. 
of P’l as described earlier, each mouse was anaesthetized with ether and bled from the 
heart. The thyroid gland was removed immediatelj" thereafter and was placed in a glass 
homogenizer with 3 ml. of ice cold 8 per cent trichloroacetic acid solution containing a 
few mg. of Nal as carrier. It was'maintained at a temperature below 5® C. for the remain¬ 
der of the procedure. The P’‘ content was determined and the tissue was then homogen¬ 
ized in 8 ml. of the acid, centrifuged, and the I“‘ content of the supernatant was meas¬ 
ured. The serum P®‘ was determined. Test showed that a negligible fraction of the 
serum P^' was protein bound at this time. 

The thyroid iodide/serum iodide concentration ratio: Each mouse in this series was given 
a subcutaneous injection of 0.5 ml. of freshlj’- prepared solution containing 5 mg. prop 3 d- 
thiouracil per ml. of 0.9 per cent NaCl which contained NaOH at a concentration of 0.04 
normal. One hour later 10 pc. I'*' was given intraperitoneaIl 5 ^ One to two hours after 
P^' injection the mouse was anaesthetized with ether, a blood sample taken from the 
heart, and the thyroid gland was iramediatelj' removed and weighed. The 1“' content 
of thyroid gland and serum were measured. 

RESULTS 

There was a body weight loss which varied from 4 to 6 grams in hypo¬ 
physectomized mice (mean body weight at surgery was 30 gm.) during the 
first 4 to 7 postoperative days after rvhich the weight remained unchanged. 
The three gram weight loss in the shams was transient; their bodj’’ weights 
were back to preoperative values in 7 days. In the mice fed the stock diet, 
the thjToid weight, which was 2 mg. in normals, was decreased by 26 per 
cent at 7 days after hypophysectomy and by 39 per cent at 12 days. In 

- The P’‘ used in this investigation was obtained from the Oak Ridge National Labo- 
ratorj'. Oak Ridge, Tennessee. 
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mice fed the thiouracil diet the thyi-oid glands averaged 19 mg. The th}^- 
roid weights of mice fed the thiouracil diet decreased by 15 per cent during 
the 13 days following hypophysectomy. However, the thyroid weights of 
the sham-operated controls decreased sufficiently so that the thyroid 
weights in the experimental and control groups never differed significantly. 
The mean and the standard deviation of the weights of a single testis in 
mice fed the thiouracil supplement was 86 + 7 mg. in the shams, whereas in 



Fig. 1. Effect of hj^pophysectomj' on I”* uptake and on percentage of thyroid I'®' 
present in th 3 "roxine fraction 25 hours after radioiodide administration in C 3 H mice fed 
the stock diet. The shaded areas indicate the standard error range for the normals; the 
upper is for P®' uptake, the lower for th 3 'i'oxine fraction. The vertical bar at each point 
represents the standard error. Four to six mice were used per point. The point for five 
da 3 '^s after hypoph 3 'sectom 3 r includes observations on onl 3 ’' two mice. 

hypophysectomized mice it was 77 + 7 mg. at six days after hypophysec¬ 
tomy and 40 + 11 mg. at 13 da 3 '’S. 

The 25-hour uptake at various time intervals after hj'^pophysectomy 
in mice fed the stock diet is shoAvn in Figure 1. There was a progresswe 
decrease in the uptake of the thyroid glands in hypophysectomized mice 
during the postoperative period, with the uptake decreasing to 50 per cent 
of the control value by the second postoperative day.^ The sham-operative 

^ In a few data collected on female mice the uptake was 30 per cent higher than 
in corresponding male mice, but there was no significant sex difference in the I”' uptake 
in mice that had been h 3 moph 3 "sectomized seven da 3 '^s. 
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procedure had no significant effect on the uptake even though the left lobe 
of the thyroid gland had been compressed during the operative procedure. 

The per cent of thyroid in the thyroxine fraction in these mice is 
also presented in Figure 1. By the second postoperative da}'", a marked re¬ 
duction of the per cent of thjToid in the thyroxine fraction to one-third 
of that for the shams was obseiwed in hj’^pophysectomized mice, there 
being a further decrease thereafter. 



Fig. 2. Effect of hypophj'sectomy on uptake of radioiodide 25 hours after administra¬ 
tion. in CjH mice fed 0.25% thiouracil diet up to seventh preoperative day and then 
fed the stock diet. Appro-ximately 5 liypophysectomized mice and 6 sham operated mice 
were studied at each time interval. 


The 25-hour uptake in liypophysectomized and sham-operated mice 
fed the thiouracil diet is presented in Figure 2. The mice were fed the stock 
diet for seven days just prior to operation. Completeness of hypophysec- 
tomy was verified by examination of serial sections of the region of the 
sella turcica in those mice studied at 13 days after h 3 ^poph 3 fsectomy. There 
was a progressive decrease in the P®^ uptake following h 3 '^poph 3 rsectom 3 ’^ in 
these animals, as observed also in those fed the stock diet. The gradual de¬ 
crease in uptake with increase in the postoperative time intervals ob- 
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served in sham-operated mice probably was the result of the withdrawal 
of thiouracil. The amount of incorporated into the thyroxine fraction in 
these hypertrophied thyroids was not determined since preliminary studies 
had shown that it was too small to be measured accurately. 

The effect of hypophysectomy on uptake 1.5 hours after injec¬ 
tion in mice fed the thiouracil diet is shown in Table 1. The mice w^ere fed 
stock diet for 18 days before operation. Completeness of hypophysectomy 
was verified in each experimental animal by examination of serial sections 
of the region of the sella turcica. This study was made to check the possi¬ 
bility that the small effect of hypophysectomj'^ on 25-hour uptake at short 
time intervals after operation in animals fed thiouracil might be due in 
part to the fact that the maximum uptake in the thyroid glands of the con¬ 
trols occurs only a few hours after injection, while the uptake in the 


Table 1. Effect of hypophysectomy on I“‘ in the thyroid gland and serum 
IN C3H AIICE WITH hyperplastic THYROID GLANDS 



Hj'pophysectomized 

Sham-operated 

Number of mice 

5 

5 


Thju'oid 

Total counts/sec./lOO mg.' 

TCA-soluble counts/sec./lOO mg. 
Per cent TCA-soluble 

109 ±6 

66.5 +6 

61 +4 

495 ±29 

41.2 ± 5 

8.3 ± 0.3 

Per cent of injected dose 

Total 

TCA-precipitable 

2.92+0.36 

1.11 ±0.12 

16.6 ± 
15.3 ± 

1.5 

1.5 

Serum I'®' counts/sec./lOO mg.‘ 

4.11 ±0.26 

2.62± 

0.06 

Thyroid iodide cone. 

Serum iodide cone. 

14.5 ±1.2 

16.2 ± 

1.9 


' All counting rates reported as if measured by gamma counting. The serum data were 
obtained by beta counting, and were converted to the equivalent gamma counting data 
using an experimentally determined conversion factor. 

Mice fed diet containing thiouracil for three months, fed stock diet IS daj's, and then 
operated on. Studies were made on sixth postoperative day. Samples were taken one and 
one-half hours after administration. 


hypophysectomized animals increases more slowly, but continues to in¬ 
crease for a much longer time after injection. At this 1.5 hour time interval 
the total in the thyroid glands of the hypophysectomized mice was 
only 20 per cent that of the controls, the difference being almost twice as 
great as that observed at 25 hours after injection. The concentration of 
acid-soluble in thyroid glands and the concentration of serum are 
approximately 50% higher in the hypophysectomized mice than in the 
controls. As a consequence, the ratio of the concentration of acid-soluble 
in the thyroid to serum radioiodide concentration -was the same for both 
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groups. Acid-soluble amounted to 60% of tlie total in the thyroids 
of the iij'-pophysectomized mice, but onl 3 '- 8% in the controls.^ The amount 
of organic bound in the tiiyroids of h 3 ^popli 3 '^sectomized mice was much 
less than in those of the controls. 

The effect of h 3 ’poph 3 '’sectom 3 '' on the thyroid iodide/serum iodide con¬ 
centration ratio in mice fed thiouracil is presented in Table 2. A statisti¬ 
cally significant though small depression of this ratio as the result of hy- 
pophysectom 3 ’' was observed onl 3 >' at thh'teen da 3 ''S after operation, the 
latest time interval studied. The h 3 '^pophysectomies in this last group, 
studied 13 days after operation, were shown to be complete by examina¬ 
tion of serial sections of the region of the sella turcica. Two and one-half 
mg. of propylthiouracil was shown to be effective in blocking protein bind- 


Table 2. Effect of HVPorHYSECTOiMV on thyhoid iodine/sehu.m iodide concentration 
ratio' in CjH mice with hyperplastic thyroid glands- 


Days after 
operation 

Concentration ratio 

Hypophysectomized 

Sham-operated 

2 

75+ 8(5)’ 

96 ±4 (7) 

6 

90 ±10 (6) 

91 ±9 (7) 

13 

67 ± 6(6) 

108 + 9 (6) 


' In order to prevent organic binding of radioiodide, each mouse was given a single sub¬ 
cutaneous injection of a solution containing 2.5 mg. of propylthiouracil one hour prior to 
injection of 10 no of I'". Samples were taken one to two hours after the I'®' injection. 

* Fed thiouracil diet three months, hypophysectomized after feeding stock diet seven 
days. 

’ Mean ± standard error; parenthesis encloses the number of animals e.\amined. 

ing of radioiodide by the th 3 '-roid gland for at least five hours in these mice. 
The values of the ratios in the sham-operated mice were abnormal^'" low, 
since mice fed either a goitrogen-free diet or thiouracil in this laboratory 
ordinarily have ratios of over 200. The low values observed may have been 
due to a somewhat higher iodide concentration in the particular batch of 
stock diet fed the mice in the time interval during which these studies were 
made. 


DISCUSSION 

The effects of hypophysectomy on the metabolism in the mouse ap¬ 
pear qualitatively similar to those in the rat. The results, however, sug¬ 
gest some interpretations of the effects of hypophysectomy which are dif¬ 
ferent from interpretations in papers on the rat. 

The content of the thyi-oid glands twenty-five hours after ad¬ 
ministration decreased progressively with increasing time intervals after 
hypophysectomy in mice fed either the stock diet or the thiouraeil-con- 


‘ Albert and Lorenz (1951) have obtained similar results in the rat. 
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taining diet. Although not shown in figure 1 the logaritlim of tlie uptake of 
the tliyroid glands decreased linearly .with the time after hypophysectomy iu 
the mice fed the stock diet. This indicates a constant fractional rate of de¬ 
crease of the 25-hour uptake with time after hypophysectomy. This inter¬ 
pretation may be contrasted with that suggested by Randall and Albert 
(1951) who concluded that the thju'oid activity in the rat reached a mini¬ 
mum of 10% of normal by six days after hypophysectomy (usin? maximum 
uptake of injected as a measure of thyroid activity). The interpretation 
of these data on the rat as well as the present 25-hour uptake data is com¬ 
plicated bj'- the fact that the maximum uptake reflects not only thyroid 
function but also kidney function, and in particular the fact that radio¬ 
iodide excretion by the kidney is grossly decreased in the hypophysecto- 
mized animal (Albert, Tenney and Lorenz, 1952). This would tend to make 
injected available to the thyroid gland in the hypophysectomized ani¬ 
mal for a longer time than in the normal, and tend to decrease the appar¬ 
ent loss of thju’oid activity if a long time interval between injection and 
thyroid measurement is selected. For a reliable measure of thyroid 
activity it is important to study a characteristic which is relatively in¬ 
dependent of kidney activitj'’ such as thyroid clearance or uptake at times 
so soon after administration that onty a small fraction of administered 
could be excreted b}^ the kidney even in the normal animals. 

It is important to ascertain which of the factors involved in the accumu¬ 
lation of by the thyroid gland are grossly affected after hypoplij^- 
sectomy and responsible for the observed decreased accumulation. The 
preliminary observations on organic bound six days after hj^pophy- 
sectomy in the mice with hyperplastic thjToid glands indicates a marked 
decrease in organic bound in the hypophysectomized mice. This corre¬ 
lates well with the prompt decrease in the proportion of thyroid found 
in the thyroxine fraction in mice fed the stock diet and previously reported 
for the rat (Morton, Perlman, Anderson and Chaikoff, 1942). Both organic 
binding of and formation of thjn-oxine are presumablj'^ linked to oxi¬ 
dative processes in the cell. 

The decrease in the organic bound in the thyroid glands of the hypo¬ 
physectomized mice with hyperplastic glands does not appear to be due to 
a lack of radioiodide in the gland since the acid-soluble was actually 
higher in their glands than in those of the control mice. If the relationships 
at 1.5 hours after injection are representative of those at earlier times 
it would suggest that the process of organic binding of I^^’^ was grossly 
impaired in hypophysectomized mice. 

The values reported for thyroid iodide/seruni iodide concentration 
ratios of mice hypophysectomized after chronic feeding of thiouracil are 
almost always above 50. Many additional measurements of this ratio m 
mice hypophysectomized after feeding a thiouracil-free diet since weaning, 
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to be reported elsewhere, have repeatedly confirmed the above observa¬ 
tions. These results in the mouse differ markedly from those in the hypo- 
physectomized rat reported by Greer (1949) who found that the ratio 
approaches approximately 7, and by VanderLaan and Greer (1950) who 
found that the ratio frequently approaches 1. The relative insensitivity 
of this ratio to hypophysectomy in the mouse makes it possible to recognize 
the importance of the binding process as an important factor in the de¬ 
creased accumulation of in hypophysectomized mice. 

SUMMARY 

The content of the thyroid glands twenty-five hours after ad¬ 
ministration in male CaH mice with normal or hyperplastic thyroid glands 
decreased progressively with increasing time after hypophysectomy. The 
proportion of the thyroid T®' in the thyroxine fraction also decreased 
rapidly after hypophysectomj'' in mice fed the stock diet. The thyroid 
iodide/serum iodide concentration ratio in the mice with hyperplastic 
thyroids exhibited a decrease during the 13 days after hypophysectomy 
but remained elevated above 50. 

The decreased accumulation of bound P®' in the thyroid glands of these 
hypophysectomized mice did not appear to be due to a decrease in thyroid 
radioiodide concentration. 
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INTRODUCTION 

I T IS generally agreed, following the pioneer work of Long and Fr}^ 
(1945) and Vogt (1945), that physiological dosages of epinephrine will 
activate the release of adrenocorticotrophin (ACTH) from the adeno¬ 
hypophysis. However, there is considerably less accord as to the mecha¬ 
nism by which epinephrine exerts this effect. Long and his colleagues 
(Gershberg et al., 1950; McDermott ei al., 1950) have presented strong 
evidence, confirmed by Fortier (1951 b), that injected epinephrine may 
act dii'ectly on the adenohypophysis. Hume and collaborators (Recant 
ei al., 1950) suggest that epinephrine activates the anterior hypothalamus 
to liberate a humoral substance which, in turn, stimulates the hypophysis. 
Sayers (1950, 1951) considers that epinephrine increases tissue utilization 
of cortical steroids and that their depletion from the blood “fires” the 
ACTH release mechanism. Porter (1952) has recently reported direct 
evidence that epinephrine activates the posterior hypothalamus and that 
lesions in this region prevent stress-induced discharge of ACTH. DeGroot 
(1952) also favors the hypothalamus as the primary site of epinephrine 
action, for he found that epinephrine would not stimulate lymphopenia in 
mice -with their hypophyseal portal systems damaged. 

The hypothesis that reflex secretion of endogenous epinephrine is es¬ 
sential in the natural mechanism by which stress activates ACTH release 
is confronted by similar lack of agreement. Gordon (1950 a, b) reported a 
normal response to “alarming” stimuli in rats with demedullated adrenal 
glands. This was denied by Gershberg et al. (1950) and Dury (1950). The 
controversy as to whether epinephrine is a specific link in the pituitary- 
adrenal mechanism or whether it acts like other non-specific stresses, is 
treated in the discussions of recent symposia reviews by Pincus (1950), 
Sayers (1951), Harris (1952) and Long (1952). Long’s group has proposed a 

Received for publication September 26, 1952. 
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dual mechanism in which systemic epinephrine is responsible for an initial 
autonomic phase of pituitary stimulation but not for the later metabolic 
phase. 

A barrier to the acceptance of a specific role for intrinsic epinephrine is 
the almost universal failure of attempts with adrenergic blocking agents 
to interfere with ACTH release. Partial blockades of the mechanism by 
ergotamine (Ronzoni and Reichlin, 1950) and by Dibenamine (Seifter el al., 
1949; Paschkis et ah, 1950; Ronzoni and Reichlin, 1950) have been re¬ 
ported. Not only was the degree of blockade slight but there was no at¬ 
tempt made to test whether even the partial effect was actually due to 
adrenergic blocking properties of the drugs. This latter consideration 
assumes importance in view of results to be presented below. Moreover, 
in the hands of other investigators, Dibenamine (Tepperman and Bogardus, 
1948; Fortier, 1951 a), ergotamine (Tepperman and Tepperman, 1950; 
Gershberg et ah, 1950) and dihydroergocornine (August and Gubner, 1949) 
have been completely ineffective in interrupting the stress response. 
Whereas these negative results are inconclusive, they have failed to lend 
support for a significant role of endogenous epinephrine in the ACTH 
release mechanism. 

In 1950, Sawyer et al., reported that a new adrenergic blocking agent 
SKF-501 (N [O-Fluorenyll-N-ethjd-jS-chlorethylamine hydrochloride) was 
more highly effectWe than Dibenamine in blocking the neurogenic stimulus 
for LH (ovulating hormone, gonadotrophin) release from the adenohypoph¬ 
ysis of rabbits and rats. SKP-501 has been shown to have 3-10 times as 
potent adrenergic blocking properties as Dibenamine (Fellows, 1949; 
Sawyer et al., 1950). In adrenergic-blocking dosages, SKF-501 prevented 
ovulation in 80 per cent of the rabbits and rats tested. The mechanism of 
blockade was apparently anti-adrenergic activity since the effectiveness of 
SKF-501 was not shared by 2-dibenzylaminoethanol (D-ol), a Dibenamine 
derivative affecting the central nervous system but lacking adrenergic- 
blocking capacity. It seemed desirable, therefore, to examine the effects 
of both SKF-501 and D-ol on the stress response. The present study 
reveals that SKF-501, but not D-ol, largely blocks the stress-response to 
injected epinephrine in rats as evidenced by effects on the eosinophil 
count. Interestingly enough, both SKF-501 and D-ol prevent the autonom¬ 
ic phase in response to such non-specific stresses as cold and formalin 
injection. The results are interpreted as indicating that D-ol interrupts the 
reflex arc for neurogenic secretion of endogenous epinephrine in response 
to non-specific stress, and that SKF-501 may function in this manner as 
well as having the capacity to block the action of epinephrine at its ef¬ 
fector site. The results are consistent with the sequence proposed in the 
dual hypothesis of Long et al. {op. cit.). Part of the present results, with 
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tentative interpretations somewhat at variance with the present ones 
have appeared in abstract form (Sawyer and Parkerson, 1951; Sawyer 
1952). 


MATERIALS AND METHODS 

Tlie experiments fall into two principal groups: those conducted in Nortli Carolina 
(Series A) and those in California (Series B). In Series A, male rats of the inbred Vander¬ 
bilt (Osborne-Mendel) strain, ranging in weight from 220-360 grams, were used in the 
hematological stud 3 ^ The rat room was air-conditioned at a summer temperature of 
about 27° C. The animals were kept in wire mesh cages, not more than three to a cage, 
and fed ad lib on Purina Dog Chow. Lighting conditions were controlled bj' a time switch 
to give 14 hours of light per day (Everett, 1948). In Series B, Wistar rats ranging in 
weight from 150-260 gm. were employed. Lighting and temperature conditions were not 
rigidly controlled but on the daj’’ of each experiment, care was taken that the rats not be 
disturbed prior to the administration of the controlled stressing stimulus. Other condi¬ 
tions were similar to those in Series A. In both series, the stressing stimulus was applied 
routinely between 9-10 A. hi. 

The method employed to assess ACTH release was the eosinophilic response of 
Thorn et al. (1948), and direct eosinophil counts were made with a modification of Ran¬ 
dolph’s (1944) phlo.xine-prop 3 dene-gl 3 mol diluent. A small blood sample was collected 
from the tail vein into an o.xalated depression in a paraffin block. Within a few minutes, 
in Series A, three WBC pipettes were filled to the 0.1 mark and diluted to the 1.1 mark. 
They were shaken for about 30 seconds and set aside for at least 15 minutes for staining. 
After shaking again at a fairl 3 ’ rapid rate for 2 minutes in a mechanical shaker, each of 
two pipettes was used to fill 4 Spencer Bright-Line chambers, with a 30-second period of 
shaking between chambers. If the 36-square counts for each of the two pipettes checked 
within 15%, the third pipette was not used; if not, the avei-age of all three was taken. 
Most of the Series A eosinophil counts for control rats ranged between 30-80 cells per 
cubic mm., and repeated counts on individual animals, with a few da 3 fs interval between 
bleedings, gave veiy similar values. These counts are lower than most of those reported 
heretofore, indicating that sti'ain differences in rat eosinophil levels ma 3 ’^ exist. Most of 
the Series B Wistar rat eosinophil counts ranged between 100-300 cells per cubic mm. 
Sevent 3 ’^-two squares filled from 2 WBC pipettes were counted in the eosinophil determi¬ 
nations and rats were not used whose pre-stimulation level was less than 70/cu. mm. 

Three t 3 '^pes of stimuli for ACTH release were emplo 3 'ed: epinephrine, cold stress, and 
formalin. Epinephrine (Parke-Davis Adrenalin, 1/1000-1/5000) was injected subcu- 
taneousb^ at a dosage of 0.2 mg./kg. Ten per cent formalin was injected subcutaneously 
at a constant dosage of 0.3 ml. As a cold stress stimulus, rats were kept for one hour in a 
refrigerator room at a temperature of 8-10° C., nearb’’ 20° C. less than the rat room tem¬ 
perature. In the cold stress groups, blood samples were taken at 0 and 4 hours, so tbe 
stimulus includes handling and bleeding as well as the temperature changes. Control 
blood samples in the Series A epinephrine group were taken a few days before or after 
the experimental 4-hour sample, so that the effects of epinephrine were not complicated 
b 3 ^ additional stress. The Series B eosinophil counts assa 3 md blood samples taken at 
0, 1 and 4 hours in both the epinephrine and formalin series, so the handling and bleeding 
element in the stress stimulus was considerable. Routineb" there was a 4~day recoveiy 
period between consecutive stress experiments on a given animal, and more than a week 
was allowed for recovery from SKF-501 or D-ol injection. 

Sodium pentobarbital (Nembutal, Abbott), which was emplo 3 md_ intraperitoneally 
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in preliminarj- experiments in Series A, was in the form of the veterinary preparation 
in an alcohol-propylene-gl 3 ’col-water vehicle or a 2 per cent solution in Ringer-Loeke. 
The latter solution, which was made up just before use, was warmed to bodj' temperature 
and injected intraperitoneallj" at a dosage of 30-50 mg./kg. 

The adrenergic blocking agent, SKF-501, was dissolved in a prop 3 dene-gl}^col vehicle 
at a concentration of 50 mg,/ml.; this was diluted for use to 5 mg./ml. with Ringer- 
Locke solution. Intravenous injections were performed into the lesser saphenous vein 
below the ankle as described earlier (Saw 3 ’er, Everett and Markee, 1949). The dosage 
adopted for use, 10 mg./kg., is above the MLD: in the present experiments 2 rats re¬ 
ceiving this dose died during the following night. This dosage level was chosen because 
of its demonstrated abilit 3 ' in the rat and the rabbit to block the stimulus for release of 
pituitar 3 ' LH without interfering with the release mechanism itself or with the action of 
hormone on its target organ (Saw 3 ’er et ah, 1950). Dibenz 3 daminoethanol was injected 
intravenousl 3 ’ at a concentration of 10 mg./ml. in saline, and the dosage of 15-20 mg./kg. 
usuall 3 'induced immediate convulsive muscular activity which lasted about one minute. 
Thereafter, the rats’ motor activit 3 ' appeared to be depressed. 


RESULTS 

Stress responses induced by Nembutal, SKF-501, and D-ol. Our first ex¬ 
periments 3vere an unsuccessful attempt, 3vith Nembutal anesthesia, to 
stabilize the eosinophil count against depression from handling and bleed¬ 
ing. It Avas hoped that et^en intraA’enous injections of SKF-501 might be 
made under anesthesia Avithout inducing an alarm reaction. Recant et al. 
(1950) and Ronzoni (1950) had reported such a stabilizing effect of the 
anesthetic. As summarized in Figui-e 1, our results Avere completely nega- 
twe in this respect. Nembutal itself, in confirmation of LudeAA’ig and 
Chanutin (1947), acted as a stress stimulus leading to a 50% reduction in 
the eosinophil count after 4 hours. It appeared to make little difference 
Avhether the Nembutal Avas in alcohol-propjdene-glycol-Avater or in Ringer- 
Locke buffered Avith sodium caiKonate, at room temperature or Avarmed. 
Nor did “training” the rats Avith tAAUce-daily mock injections for a Aveek 
lessen the stress response. 

In spite of the fact that its central excitatory effects are much less seA^ere 
than those induced b}’ Dibenamine (SaAA^yer et al. 1950), intraA'^enous 
injection of 10 mg./kg. SKF-501 AA'as folloAA'ed by a marked reduction in 
circulating eosinophils (Fig, 1). When the SKF-501 injection Avas preceded 
by intraperitoneal Nembutal the decrease Avas someAAdiat less, but the 
number of cases AAms too small to make the difference significant. Even if 
it Avere significant and if SKF-501 AA'ere completelj' ineffect.iA^e in blocking 
ACTH release, a 60 per cent decrease in eosinophils is already so great 
that one could not expect much further reduction in response to cold stress 
or epinephrine. Inasmuch as the adrenergic blocking capacity of ^-ehloro- 
ethylamine derivatiA^es lasts for days (Nickerson, 1949) vre next tested 
Avhether the eosinophil count Avould return to normal bj^ 24 hours after 
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injection of SKF-501. This was observed to be true (Fig. 1), and the finding 
allowed us to examine the drug's capacity to block the eosinopenic response 
to stress at that time. Marked eosinopenia was also induced by injection 
of D-ol, followed within 24 hours by a return to nearly normal levels 
(Fig. 1). Later results with Wistar rats (Series B) revealed eosinophil 
counts characteristicall}'- higher than normal, 24 hours after injection of 
either SKF-501 or D-ol. 

To demonstrate that adrenergic blockade by SKF-501 does indeed 
persist for 24 hours after treatment, we injected 3 rats with 5 mg./kg. 



Control Nemb. Nemb Nemb 501 D-OL 501 D-OL 

Vet Ring, 501 

(4) (4) (2) (2) (4) (8) (6) 

Fig. 1. Results of preliminaiy experiments in Series A. The effects of Nembutal, 
SKF-501, and D-ol on circulating eosinophils are expressed as percentages of the 0-hour 
counts. The figures in parentheses represent the number of rats emplojmd in each grou]). 
Each set of dots limits the standard error of the mean. 

SKF-501 (only one-half our usual dose) and followed at 24 hours with 0.2 
mg./kg. intravenous epinephrine. This dosage of epinephrine was found 
in preliminary experiments to be in the realm of twice the LDioo, and m 
the present series it killed 2 control rats and 3 rats injected 24 hours earlier 
' ‘Lh 15 mg./kg. D-ol, in less than 5 minutes,, all with symptoms of pul- 
mnary edema. The 3 SKF-501-epinephrine-treated rats showed no such 
symptoms, and all survived. Thus SKF-501, at a dosage only half as great 
as that used in our ACTH experiments, protects at 24 hours against a 
twice-lethal dosage of epinephrine, whereas D-ol, at full dosage, lacks the 
capacity to block epinephrine effects. 

Effects of SKF-501 and dibenzylaininoethanol on the 4-hour eosinophil 
responses to epinephrine and to cold stress. The results are summarized m 
Figure 2. Each of the columns represents data on at least 8 rats except the 
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last one in which only 2 animals were employed. However, only 17 rats 
were used in this whole series, and as far as possible the same rats were 
subjected to a given stressful stimulus and attempted blockade of that 
stinrulus. It is apparent that either subcutaneous epinephrine or exposure 
to cold stimulates a marked decrease in the number of circulating eosino¬ 
phils, about a 70 per cent depression in either category. The eosinopenia 
stimulated at 24 hours after SKF-501 injection, though still considerable 
in the cold-stressed or epinephrine-treated rats, is significantly reduced. 



P<O.OI P<O.OI P<OOI P=0.05 

Fig. 2. Effects of “blocking” agents on the 4-hour eosinophil response to cold stress 
and to epinephrine (Series A). The P values for the differences between stressed and 
stressed-“blocked” animals were calculated from eosinophil-count data, not from the 
percentage-change columns shown in the figure. 

P <0.01 in either case between the eosinophil levels of SKP-501-treated 
and non-treated groups. The failure to respond 24 hours after SKF-501 is 
probably not attributable to the initial non-specific stress of SKF-501 
itself, for 4 controls each gave a normal eosinophil response to epinephrine 
or cold stress 24 hours after epinephrine or cold stress, respectively. 
Interestingly enough, however, D-ol “blocked” the response’to cold stress 
about as effectively as SKF-501 without preventing epinephrine-induced 
eosinopenia at all. The degree of eosinopenia in the D-ol-epinephrine group 
was, if anything, greater than in the controls lacking D-ol. 

Effects of SKF-501 and dibenzylamiiioethanol on the 1-hour and 4^-hour 
eosinophil responses to epinephrine and to formalin. These experiments 
were undertaken after the appearance of Long’s dual hypothesis (Mc¬ 
Dermott et al., op cit.) to determine whether the autonomic phase of pitui¬ 
tary stimulation might be prevented by adrenergic blockade. The results 
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are summarized in Figure 3. Pre-treatment with SKF-501 but not with 
D-ol completely eliminated the eosinopenia at 1 hour after epineplirine. 
The rats pretreated with D-ol again showed a response to epinephrine 
perhaps more marked than the controls. The 4-hour results confirm the 




HOURS 014 014 014 014 

No pretreat.(6) 501 pretreotflO) D-OL pretreat.(lO) Form. pretreat.(5) 

Jr FORMALIN STIMULUS 


Fig. 3. Effects of pretreatment with SKF-501 and D-ol on the 1-hour and 4-hour 
eosinophil responses to epinephrine and to formalin (Series B). In group I, epinephrine 
was injected subcutaneously, 24 hours after treatment with SKF-501 or D-ol. In group 
II, formalin was injected subcutaneously 24 hours after treatment with SKF-501, D-ol 
or formalin itself. Figures in parentheses represent numbers of rats emplo 3 'ed in each 
group. 

earlier findings with epinephrine, except that the SKF-501 column reflects 
the added stress of handling and bleeding at 0-hour and 1-hour collectively. 

Formalin (Fig. 3) induced an eosinopenia at 1 hour at least as great as 
that stimulated by epinephrine and the effect was not lessened by formalin 
stress on the preceding day. However, both SKF-501 and D-ol appeared 
to prevent this 1-hour response to formalin and to diminish the 4-hour 
response in the same degree as they had lessened the response to cold. 
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DISCUSSION 

It seems clear from the present results that j8-chloroethylamine ad¬ 
renergic blocking agents may partiallj'^ prevent stress-induced eosinopenia 
by more than one mechanism. SKF-501 and dibenzylaminoethanol exert 
similar degrees of “blockade” against formalin or cold stress but differ¬ 
ential effects against epinephrine. The blockade of formalin and cold stress 
by D-ol must be exerted bj’’ some means other than adrenoljdie action. 
The fact that epinephrine is effective in stimulating a normal eosinopenia 
in spite of D-ol indicates that the final stages in the eosinopenic mechanism 
are not disturbed by chloroethylamine derivatives. Therefore, the failure 
of cold or formalin to induce a full-fledged eosinopenia after D-ol or SKF- 
601 cannot be attributed to the inability of the effector end of the eosino¬ 
penic mechanism to respond. Presumabl}'- the adrenal cortex and the 
pituitary ACTH release mechanism are intact. 

While lacking the capacity to counteract epinephrine, D-ol blocks the 
autonomic phase of eosinopenia in response to cold or formalin. It seems 
most likely that it does so by interfering in some way ivith the stimulus 
for release of endogenous epineplirine. In this capacity its action may be 
analogous to those of barbiturates which were reported ]:)y Sayers and 
Sayers (1946) and Gellhorn (1949) to interfere with adrenal ascorbic acid 
depletion and lymphopenia, respectively, in the rat after generalized stress 
but not after injection of epinephrine. D-ol does, in fact, appear to be a 
depressant after a brief period of excitation of tlie central nervous system. 

SKF-501 exerts a similar though less marked depressant effect, and its 
primary action against formalin and cold stress may be the same as that 
exerted by D-ol. However, SKF-501 has, in addition, very potent adreno¬ 
lytic properties and these are credited with its blockade of epinephrine- 
induced eosinopenia. There is no evidence that epinephrine was responsible 
for any of the 4-hour eosinopenia encountered after cold, formalin or 
epinephrine injection in SKF-501-treated animals. Where non-specific 
stress was least (i.e. epinephrine injection without bleeding), the 4-hour 
eosinopenia was least evident. 

It is significant that SKF-501 does not prevent the 4-hour eosinopenia 
from cold or formalin any more effectively than does D-ol. This must 
mean that under either SKF-601 or D-ol, neither cold nor formalin stimu¬ 
lates a systemic discharge of epinephrine and that the eosinopenia which 
is achieved is effected via ACTH release from another mechanism, e.g., 
the “metabolic” phase. The results allow one to make a rough calculation 
of the relative part played by epinephrine in both autonomic and meta¬ 
bolic phases of eosinopenia. With epinephrine eliminated via blockade, the 
non-specific metabolic effects induced about zero % and 50% eosinopenia 
at 1 and 4 hours, respecti^'el 5 '■, whereas the combined autonomic and meta- 
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NOTES AND COMMENTS 

ADSORPTION OF OXYTOCIN UPON OXIDIZED CELLULOSE 

In t]ie course of using oxidized ceiiulose for selective adsorption and elution of 
adrenocorticotrophic hormone, by the method of Astwood et al. (1951), it was noted that 
the oxj'tocic contaminant of the ACTH was removed along with adrenocorticotrophic 
activitj', but unlike the corticotrophic factor it was not appreciably eluted with 0.1 
N HCl (1952). Dumm (1952) has shown that the antidiuretic factor can be quantita¬ 
tively adsorbed upon oxycellulose and completelj' eluted therefrom by methods similar 
to that utilized for ACTH (1). 

The present communication deals with the attempts to selectively adsorb and 
elute the oxytocic principle of the posterior pituitaiy gland, using oxidized cellulose as 
the adsorbent. 


METHODS AND RESULTS 

In the initial experiment 100 mg. of lyophilized posterior pituitary gland powder was e.x- 
tracted with 100 mi. of 0.25% acetic acid by boiling for 1 minute and filtered. To the extract 
was added 2 gm. oxidized cellulose (Tennessee-Eastman, 10-12% Carboxyl) previously 
washed with 1 N HCl, then H 2 O and finally 0.1 N HAC. The pH of the mixture was 3.3. 
The mixture was stirred at room temperature and aliquots removed at various times for 
determination of ox 3 'tocin content bj'^the rooster blood pressure drop method (1939). A similar 
solution kept at room temperature with stirring for 24 hours but without oxycellulose served 
as a control and showed no loss in activitj' due to oxidative changes which may have occurred 
during the stirring. Results are summarized in Table 1. 

Table 1 


Duration of stirring with 
oxycellulose 

Oxytocin Present 
(U.S.P. units) 

Per Cent O.xj’tocin 
Removed from Solution 

0 

150 

0 

1 hour 

80 

53 

2 hours 

38 

75 

4 hours 

42 

72 

24 hours 

39 

75 


Attempts to elute the oxytocic factor from the oxycellulose with 0.1 N HCl and 1 N HCl 
resulted in a recovery of onlj' 30% of the activity. 

The optimum amount of oxycellulose necessary to obtain ma.ximum adsorption was deter¬ 
mined by stirring 100 ml. posterior pituitary extract containing 100 U.S.P. units of oxytocic 
activity with varying quantities of oxidized cellulose for a period of 5 hours at pH 3.3. Table 
2 presents the data obtained. 


Table 2 


Amount Oxycellulose 

Per Cent Adsorption 

50 mg 

34 

200 mg 

42 

500 mg 

55 

2000 mg 

72 


The large amounts of oxycellulose necessary to obtain the maximum adsorption of 
oxytocin when extracts of posterior pituitary gland were used, were somewhat unexpected in 
view of the small quantities necessary to secure a similar amount of adsorption of the 
oxytocic contaminant from ACTH solution. Table 3 indicates this difference. The amount 
of oxycellulose emploj'ed in each case was 200 mg. 
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Fi’action 

Oxytocic content 
before adsorption 
U.S.P. units 

Oxytocic content 
after adsorption 
U.S.P. units 

Per Cent ’ 
Adsorption 

Crude ACTH 

4200 

1100 

74 

Crude ACTH 

4200 

1000 

76 

Crude ACTH 

675 

160 

76 


DISCUSSION 

Tliese data indicate that a maximum adsorption of about 76% of the oxjdocic factor 
can be obtained b}^ tlie use of ox 3 'eellulose. However it is to be noted that much smaller 
amounts of oxj'cellulose sufficed to remove the oxytocic factor from solutions of ACTH 
contaminated with oxytoein than from solutions prepared bj" extraction of the posterior 
lobe of the pituitaiy gland. 

From the data presented it is not possible to explain the inability to entirely elute the 
oxytocic factor from oxycellulose using 0.1 N HCl and 1 N HCI, which observation 
contrasts with those of Dumm who found that the antidiuretic factor was completely 
eluted with 0.1 N HCl. Experiments are now in progress to determine whether buffered 
salt solutions may'’ accomplish recovery of the oxytocin from the o.xycellulose column. 
The possibility of destruction of the oxj'tocin during the stirring with o.vycellulose by 
surface denaturation cannot be ignored, although this possibility is remote in view of 
Dumm’s (1952) findings that the antidiuretic factor can be quantitatively adsorbed onto 
and eluted from oxycellulose columns. 

It is also difficult to explain the observation that only'^ about 75% of the oxytocin is 
adsorbed onto the cxj-'cellulose even when veiy large amounts of oxycellulose are used. 

The results obtained were utilized to accomplish removal of the major portion of 
oxy^tocic contamination from the adrenocorticotropic factor isolated from whole hog 
pituitary glands, and seems to offer a rather effective method for separation of the 
bulk of oxy^tocic contaminant from the adrenocorticotrophic hormone. 

Alginic acid (Kelacid*) was found to hai'e adsorptive properties similar to oxycellulose 
in its poiver to adsorb oxy'tocin and ACTH. 

Herman Cohen 
AVilliam Kleinberg 

JVil/i the technical assistance of Milton Eisler 

Princeton Laboratories, Inc. 

Princeton, N.J. 
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HIGH PROGESTATIONAL ACTIVITY OF 19-NORPROGESTERONE 

Among the man}' compounds tested for progestational activity, few have exhibited 
greater biological potency than progesterone (Ehrenstein, 1948). 

Me 3 'stre et al. (1948) have shown 11-dehydroprogesterone’ to possess a threefold 
greater potency than progesterone in the Clauberg test. 17-meth3dprogesterone A has 
twice the activity of progesterone using the Corner-Allen assa}' method (Heuser et al., 
1950). Ehrenstein (1944) described the degradative s 3 'nthesis of 19-norprogesterone from 
strophanthidin. This material was a resinous substance believed to be a mixture of 
stereoisomers. In a study of its ph 3 'siological activit}', using the Corner-Alien technique, 
it was reported to be “full}' as active as progesterone, perhaps even more so” (Allen and 
Ehrenstein, 1944). The synthesis of 19-norprogesterone as the pure ciystalline compound 
by Miramontes et al. (1951) made possible the present investigation of its biological 
activit}' in the rabbit.* 


MATERIALS AND METHODS 

Rabbit Bioassa 3 'a; 

(a) Clauberg Test (Clauberg, 1930). Female New Zealand white rabbits, weighing 600- 
800 gm., were injected subcutaneousl}' dail}' with 10 mcgm. alpha estradiol in 0.6 ml. corn 
oil for 6 da 3 's. Following this, the progestagen was injected daily subcutaneously in corn 
oil solution for 6 da}’s. Twent}’-four hours after the last injection the animals were killed. 
Uteri were weighed and fixed in 4% formalin, sectioned at S microns and stained with hema¬ 
toxylin and eosin. 

(b) Corner-Alien Test (Corner and Allen, 1929). Sexually mature female New Zealand 
white rabbits, isolated for 4 weeks were injected subcutaneously with the test compound for 
5 da 3 's following bilateral ovariectom}' and biops}' of the right uterine horn. Approximately 
24 hours after the last injection, the animals were killed and the uteri were treated as in (a). 
The uterine biopsies were taken for histological examination and. only those animals were 
used in which the uterine biops}' showed an estrogen-stimulated endometrium. In each 
bioassa}' method, progestational proliferation was rated according to the standard scale 
of McPhail (1934). 


RESULTS AND DISCUSSION 

The activit}' of 19-norprogesterone was compared with that of progesterone in a series 
of experiments, using the Clauberg method. Table 1 presents data from two of the series. 

Table 1. Progestational activity of 19-NonPROGESTERONE 
USING THE CLAUBERG TEST 


Series 

No, of 

Total 

Progestational proliferation 

rabbits 

(mcgm.)* 

Progesterone 

19-norprogesteronc 

I 

3 

250 

+3, +4, +4 

— 


3 

500 

-1-4, +4, -1-3 

— 


3 

62.5 

— 

■f3, -t-3. -f-4 


3 

125.0 

— 

-f4, +4, 4-4 

II 

3 

125 

0, 0,0 

— 


3 

250 

-f'3, -f-S, 4*3 

— 


2 

31.25 


4-3, 4-2 


3 

62.5 

— 

-f4, 4-4, 4-4 


* Administered in 1.0 ml. corn oil solution daily over 5 days. 

Received for publication November 28, 1952. 

* We are indebted to Chemical Specialties Co. Inc., and Syntex, S.A., for the steroid 
compounds used in these investigations. 
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subjected to ether anesthesia during tlie placing of the needle into the jugular vein but 
were thereafter kept in activity-restriction cages without anesthesia until death. The 
dose of cortisone (4 mg. per rat per day) was selected from other experiments (Ingle 
Nezamis and Morley, 1951) in which this dose was found to be optimal for sustaining the 
resistance of the adrenalectomized rat to the severe stress of muscle work. 

The data are summarized in Table 1. Cortisone did not significantly affect the resist¬ 
ance of the rat to histamine under these conditions although it is known to suppress the 
inflammatory response to injuiy in the normal rat. The amount of histamine required to 
cause death in the rat under these conditions is remarkable. 

Davight J. Ingle and James E. Nezamis 

Research Laboratories 
The Upjohn Company 
Kalamazoo, Michigan 
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RELATIVE INEFFECTIVENESS OF ELECTRICAL STIMULATION OF THE 
CERVIX FOR INDUCING PSEUDOPREGNANCIES IN THE MOUSE 

The occurrence of pseudopregnanc}’- in the female rat after mating with a vasecto- 
mized male was reported bj" Long and Evans (1922). They also induced this condition 
by mechanical stimulation of the cervix with glass rods. Parkes (1926) described similar 
responses in the mouse. Electrical stimulation of the cervix of the rat, by means of small 
electrodes and a simple induction coil as reported by Shelesn 3 ’ak (1931) produced a larger 
percentage of pseudopregnancj' than mechanical irritation. This is a report of the rela¬ 
tive ineffectiveness of electrical stimulation in producing pseudopregnanc}' in the mouse. 

In a series of experiments requiring pseudopregnant C 3 H strain mice, electrical stimu¬ 
lation of the cervix was used. Thirty-six C 3 H mice, weighing between 24 and 26 giaras, 
with regular 4-5 daj'^ oestrous cjmles were selected at the proestrus stage. Intra-vaginal 
electrical stimulation with Faradic current of approximately 75 amlts, peak (Phipps and 
Bird inductorium, A70-720) was airplied blindty to the cervical area for 10 to 15 seconds. 
No attempt was made to visualize the os cervix for precise placing of the electrodes since 
in the rat this has not been necessaiy. Onty 8 of the 36 mice became pseudopregnant 
(averaging 11 da 3 "S duration) and in 26 of the failures which were stimulated a second 
time at the next proestrum onl 3 " 4 . Thus out of 62 attempts there were 50 failures. 
A second group of 40 C 3 H mice was treated, using an electronic stimulator, which gen¬ 
erated spike waves similar to the inductorium, 105 A'olts 50 C 3 'cles per second. Onl 3 ’ 10 
of the 40 became pseudopregnant. In the combined series of C 3 H mice, 76 females wheie 
stimulated at proestrous or earl 3 '' oestrous and after 102 attempts, 22 pseudopregnaiicies 
were produced. 

To determine whether this low percentage of pseudopregnancies following electiica 
stimulation of the cervix was a strain or a species difference, the same proceduie nas 
carried out on 58 Swiss mice (of which 16 were stimulated on two or more successne 
C 3 mles). In 22 instances, the stimulus ivas through the use of the induction coil, in ty 
with the electronic stimulator. In the combined group of 58 Swiss mice in which /o 
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stimulations were made the number of pseudopregnancies which i-esuited was 19; and 
thus the response was similar to that of the CjH strain. 

It appears that a species difference e.xists between the mouse and the rat in respect to 
the response of the female to electrical stimulation of the cervical areas during proestrun. 
In the rat over 90% become pseiidopregnant (Shelesnyak, 1931), while in the mouse 
less than 26% do. 
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THE AMERICAN GOITER ASSOCIATION 

1953 ANNUAL MEETING 

The 1953 Annual Meeting will be held May 7, 8 and 9, 1953, in the 
Drake Hotel, Chicago, Illinois. The program for the three day meeting will 
consist of papers and discussions dealing with goiter and other diseases of 
the thyroid gland. 



THE 1953 ANNUAL MEETING 

The Thirty-fifth Aanual Meeting of The Endocrine Society will be held 
in the Hotel Statler, New York, New York, Thursday, Friday, and Satur¬ 
day, May 28-29-30, 1953. 

The Committee on Local Ai-rangements is Dr. Earl T. Engle, Chairman, 
with Drs. Rulon W. Rawson and Sidney C. Werner as members of tlie 
Committee. 

All Scientific Sessions will be held in the Hotel Statler. The rooms in 
which each session will be held will be announced in the program and on 
the hotel bulletin board. The Annual Dinner is scheduled for Friday, May 
29, at 7:30 p.m., preceded by cocktails at 6:30 p.m. 

All members are urged to make hotel reservations immediately inasmuch 
as the hotels expect to be filled to capacity. Reservations should be made 
directly with the Hotel Statler, advising time of arrival and departure 
date. Make your reservations now^ and avoid disappointment. 


1953 AWARDS AND FELLOWSHIPS 

Awards and Fellowships presented by The Endocrine Society cany no obligation 
bj" the recipient to the Society or to the donors. 

FELLOWSHIPS 

Society Fellowships are designed to assist men or wmmen of exceptional 
promise in furthering their educational training and advancement toward 
a scientific career in endocrinology. Fellowships may be awarded to an in¬ 
dividual who possesses the Ph.D. or M.D. degree or to a candidate for 
either of these degrees. The stipend, which will not exceed 85,000, may be 
divided into two Fellowships in varying amounts in accordance with the 
qualifications of the appointee. The Committee wdll, in reviewing the pro¬ 
posed program of study, consider the amount of time which the Fellow 
intends to spend in course work and/or teaching. He must present-evi¬ 
dence of scientific ability as attested by studies completed or in progress 
and/or the recommendation of responsible individuals. He must submit a 
program of proposed study, indicate one or more institutions where the 
proposed program will be followed, and submit statements of approval 
from the investigators with whom he proposes to conduct his research. 
He must serve full time if awarded a Fellowship. A small amount of time 
(10 to 15 per cent) may be allotted for course work or for participation m 
teaching, the latter purely on a voluntary basis. 


364 



March, 1953 AWARDS AND^^ELLOWSHIPS 365 

THE AYERST, McKENNA AND HARRISON FELLOWSHIP 

This Fellowship will not be aw^arded in 1953 in order that it may ac¬ 
cumulate toward a $5,000 Fellowship to be awarded in 1954. 

THE SCHERING FELLOWSHIP IN ENDOCRINOLOGY 

The Schering Fellowship in Endocrinology was established in 1949 and 
the first recipient w'as Dr. D. Laurence Wilson in 1950. Dr. John D. Stoekle 
was chosen as the recipient of the 1951 Fellowship. Inasmuch as he was 
unable to accept due to a call to military service, the same Fellowship 
was reawarded in 1952 to Dr. C. L. Courtright. The 1953 Schering Fellow¬ 
ship will be in the amount of $5,000 and will henceforth be given in the 
same amount on alternate years. 

AWARDS 

THE SQUIBB INSTITUTE FOR MEDICAL RESEARCH AWARD 

Thisi Award of $1,000 was established in 1939 by The Squibb Institute 
for Medical Research and was gh’-en fii’st in 1940 to Dr. George W. Corner; 
in 1941 to Dr, Philip E. Smith; in 1942 to Dr. Fred C. Koch; in 1944 to 
Dr. E. A. Doisy; in 1945 to Dr. E. C, Kendall; in 1946 to Dr. Carl G. 
Hartman; in 1947 to Drs. Carl F. and Gerty T. Cori; in 1948 to Dr. Fuller 
Albright; in 1949 to Dr. Herbert M. Evans; in 1950 to Dr. C. N. H. Long; 
and in 1951 to Dr. J. B. Collip. No Award was given in 1943. This Award 
was increased to the amount of $2,500 beginning with the 1952 Award and 
the recipient was Dr. James H. Means, A special committee of five mem¬ 
bers of the Society selects the recipient from among investigators in the 
United States or Canada, on the basis of outstanding contributions to 
endocrinology. 

THE CIBA AWARD 

The Ciba Award, to recognize the meritorious accomplishment of an 
investigator not more than thirty-five years of age in the field of clinical 
or pre-clinical endocrinology, was established in 1942, but no recipient was 
selected in 1942 or 1943. In 1944 the Award was presented to Dr. E. B. 
Astwood; in 1945 to Dr. Jane A. Russell; in 1946 to Dr. Martin M. Hoff¬ 
man; in 1947 to Dr. Choh Hao Li; in 1948 to Dr. Carl Heller; in 1949 to 
Dr. George Sayers; in 1950 to Dr. Oscar M. Hechter; and in 1951 to Dr. 
Albert Segaloff. Effective in 1952, the Award was increased from $1,200 
to $1,800 and the recipient was Dr. Seymour Lieberman. If within twenty- 
four months of the date of the Award, the recipient should choose to use 
it toward further study in a Laboratory other than that in which he is at 
present working, it will be increased to $2,500. 



THE LAURENTIAN HORMONE CONFERENCE 

The Laurentian Hormone Conference of the A A AS will hold its 1953 
annual meeting at Mont Tremblant Lodge, Mont Tremblant, Quebec 
during the period September 6-11. Intere.sted investigators and specialists 
in the hormone field may apply for attendance by writing to tlie Commit¬ 
tee on Arrangements, 222 Maple Avenue, Shrewsbury, Mass., for appli¬ 
cation blanks. Since accommodations at the hotel necessarily limit the 
attendance, only those persons submitting applications can be considered. 
The application blanks must be received by the Committee no later than 
May 16 in order to insure i.ssuance of invitations as soon as possible there¬ 
after. 

The following program has been arranged: 

I. Nervous system-hormone interrelationships 

The central nervous syste n and stress-induced eosinopenia. 

Dr. R. W. Porter, Univ. of Calif. School of Medicine at Los Angeles 
Studies of brain metabolism and electrical activity in relation to adrenocortical 
ph 3 ^siology. 

Di’. Hudson Hoagland, Tlie Worcester Foundation for Experimental Biology 
Effects of hormones on cerebral function. ' 

Dr. D. M. Woodbury, Univ. of Utah School of Medicine 

II. Thyroid Hormone physiology and biochemistry 

Triiodothju'onine in relation to thyroid phj^siologj'. 

Drs. J. Gross and R. Pitt-Rivers, National Inst, for Medical Research, London, 
and State Univ. of New Yoi-k Medical Center 
Metabolic effects of thju-oid hormones in vitro. 

Drs. H. A. Lardy and G. Feldott, Univ. of Wisconsin School of Medicine 

III. Co?nparative endocrinology 

Endocrine mechanisms in the life of insects. 

Dr. D. Bodenstein, U. S. Armj' Chemical Center, Maiyland 
Hormones produced by neurosecretoiy cells. 

Drs. Ernst and Berta Scharrer, Univ. of Colorado Medical Center 

IV. Protein Hormones 

The preparation and chemistry of ciystalline insulin. 

Dr. R. G. Romans, Connaught Medical Research Laboratoiy 
The chemistiy of ACTH. 

Drs. E. E. Ha)'^s and W. F. White, The Armour Research Laboratories 

V. The role of hormones in blood and blood-forming organs 

Endocrine factors and radiation-induced Ijmiphoid tumors of mice. 

Dr. Henrj" S. Kaplan, Stanford Univ. School of Medicine 
Endocrine influences upon the formed elements of blood and blood-forming organs. 
Dr. Albert S. Gordon, Washington Square College, New York Univ. 

VI. Aspects of Clinical Endocrinology 

Some problems related to ovarian function and to pregnanc}^ 

Dr. B. Zondek, Rothschild Hadassah Univ. Hospital, Jerusalem 
Clinical studies on electrob^te and fluid metabolism. 

Dr. Rolf Luft, Seraflmerlasarettet, Stockholm 
Endocrine-metabolic studies in man. 

Dr. J. W. Conn, Univ. of Michigan School of Medicine 
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THE EESPONSE OF THE SUCCINOXIDASE SYSTEM 
OF RAT LH^ER HOMOGENATES TO A 
SINGLE DOSE OF THYROXINE 

H. J. LIPNERi AHD S. B. BARKER 

Deparlment of Physiology, College of Medicine, State University of loiea, 

Iowa city, Iowa 

INTRODUCTION 

T he in vivo effect of thjToxine on the metabolic rate of whole animals, 
on the oxygen consumption of isolated tissues and on the activity of 
various enzyme systems has been reviewed by Barker (1951). The mecha¬ 
nism of thyroxine action has been studied most generally in chronically 
thyroxinized animals. Barker, Kiely and Lipner (1949) have indicated the 
time lag between the administration of thjTOxine and the first measurable 
increase in the oxygen consumption of the whole animal. Barker and Klit- 
gaard (1952) have demonstrated the unequal response of the tissues of rats 
to thjToxine. The earliest response elicited occurred 6 hours following a 
single injection of thyroxine, and liver slices responded in 12 hours. An 
understanding of the mechanism of thyroxine action involves the elucida¬ 
tion of the cellular processes responding to thyroxine prior to the changes 
which have been recorded. 

This study is concerned with the time response of the liver succinoxidase 
system of thyroidectomized rats to thjToxine. An analysis of the succin¬ 
oxidase system of cell granules was performed simultaneously with the 
study of this enzyme system in rat whole liver homogenates. 

METHODS 

Male rats of the Sprague-Dawle 3 '^ strain, weighing 300-350 grams, were used in all 
the experiments included in this studj'. These animals were maintained on a 5-hour 
feeding regimen (Barker, 1949) and were usually post-absorptive at sacrifice. The ani¬ 
mals were exsanguinated under ether anesthesia bj’ withdrawing 8 to 10 ml. of blood 
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from the abdominal aorta into an oxalated syringe. The liver was then perfused through 
the portal vein with 100 ml. of cold Krebs-Ringer solution. A blotted, weighed portion of 
liver was minced with scissors and homogenized with 2 volumes of 0.25 M sucrose solu¬ 
tion in an all glass homogenizer (Potter and Elvehjem, 1936). The homogenate was centri¬ 
fuged for 5 minutes at 600 X gravity and the supernatant decanted into a graduated 
cylinder. The residue was rehomogenized in 2 volumes of the sucrose solution and then 
added to the supernatant in the cylinder. The final dilution was such that 1.0 gram of 
liver w^as contained in 10 ml. of homogenate suspension. 

The fractionation procedure employed was essentially that described by Schneider 
and Hogeboom (1950).^ The entire procedure, from the time the liver was excised until 
the enzyme assay was performed, was carried out at a temperature of 2° to 4° C. 

The succinoxidase activity of rat liver homogenates was studied in 5 groups of rats; 
normal controls, thyroidectomized controls and 3 groups of thyroidectomized rats given 
6.12 mg./kg. of thyroxine (in 0.02 N NaOH, 0.9 per cent NaCl solution) at 12, 24, and 
96 hours previous to sacrifice. The method employed for the assay of succino.xidase is 
that described by Potter (1949) with the following 2 modifications: (1) it was found 
unnecessarj'’ to perform this assay at 2 enzyme concentrations and (2) determinations 
of endogenous oxygen consumption w'ere omitted. A series of preliminary experiments 
indicated no difference in metabolism as calculated from the 2 enzyme concentrations 
and no endogeneous oxygen consumption. The metabolic activity is expressed as gl. 
of oxygen consumed per mg. equivalent of liver homogenate per hour. 

RESULTS 

A summary of the data indicating the effect of thyroxine on the suc¬ 
cinoxidase system of rat liver homogenates and cell fractions is presented 
in Table 1. This system in the thyroidectomized rat liver homogenate is 


Table 1. The mean succinoxidase activity of bat liveb homogenates and cellfrac- 

TIONS FOLLOWING A SINGLE INJECTION OF THYHOXINE TO THYROIDECTOJIIZED RATS 



Normal 

Tx 

Tx 

Tx 

Tx 


12 hr. T 

24 hr. T 

96 hr. T 

No. of animals 

12 

13 

7 

7 

10* 

Homogenate t 

S.D. 

22.5 

±1.85 

20.6 

±2.55 

24.1 

±3.62 

23.0 

±1.82 

28.8 

±2.90 

Nuclear 

S.D. 

4.2 

±1.59 

4.5 

±2.10 

3.9 

±2.10 

4.9 

±2.30 

3.2 

±0.42 

Mitochondrial 

S.D. 

14.3 

±2.4 

12.8 

±0.98 

15.6 

±1.2 

13.1 

±0.6 

22.1 

±0.64 

Supernatant 

S.D. 

2.0 

±0.70 

1.8 

±0.84 

2.9 

±0.74 

2.5 

±0.58 

2.4 

±0.56 

Sum of Fractions 

20.5 

18.1 

22.4 

20.5 

27.7 


* The livers of 8 animals were used in the fractionation study, 
t The means represent 02 /mg. wet weight liver or equivalent/hr. 

Abbreviations: Tx = thyroidectomized. T = number of hours after a single subcutan 
injection of thyro.xine on 6.12 mg./Kg. level. 

S.D. = estimated standard deviation of the individual observations from the mean. 

^ The fractions were prepared in an International Refrigerated Centrifuge, Model PR-I- 
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approximately 8% less active than in normal controls. Administration of 
thjToxine resulted in elevation of this level of activity, the 12-hour 
thyroxinized group showing an increase of approximately 7%, the 24-hour 
group of approximately 2% and the 96-hour group of approximately 28%. 

The activity of this enzyme system in mitochondrial fractions varied 
with the thyroid status of the animal in a manner similar to that described 
for the whole homogenate. The nuclear and supernatant fractions possessed 
succinoxidase activities which, despite alterations in thyroid status of the 
animals, showed little change. 

It should be emphasized that the fractions were not pure preparations 
since the nuclear fraction was found, by microscopic observation, to be 
contaminated with small quantities of intact cells, connective tissue, 
cellular constituents (which were not characterized) and erythrocytes. 
The mitochondrial or large granule fraction was contaminated to some 
extent with small granules and occasionally with erythrocytes and nuclei. 
The final supernatant fraction consisted of the microsomes or small 
granules, and the soluble constituents of the cell. 

Statistical analysis of the data in Table 1 for the whole homogenate suc¬ 
cinoxidase activity is presented in Table 2. The data for the fractions were 
also analyzed statistically. No further information than that obtained 
from the whole homogenate analysis was discernible. This latter analysis 
has, therefore, not been included. 


Table 2. Statistical analysis op rat liver homogenate succinoxidase 



No. of 
animals 

Mean 

Ill. Oz/mg. 
homogen¬ 
ate/hr. 

S.D. 

t 

value 

Level of 
signifi¬ 
cance 

I Normal control 

12 

22.5 

1.83 


% 

II Tx 

13 

20.6 

2.55 



III Tx 12-hour T 

7 

24.1 

3.62 



IV Tx 24-hour T 

7 

23.0 

1.83 



V Tx 96-hour T 

10 

28.8 

2.90 




I vs. II 
I vs. Ill 
I vs. IV 
I vs. V 


2.15 

4.69 

1.09 

28.66 

0.57 

55.64 

5.95 

0.00 


II vs. Ill 
II vs. IV 
II vs. V 


2.27 3.36 
2.42 2.74 
7.08 0.00 


Abbreviations same as Table 1. 


From Table 2 it is apparent that the difference in activity of the succin¬ 
oxidase system of liver homogenates of normal controls as compared with 
thyroidectomized rats is significant at the 5% level of confidence. There 
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are no significant differences between the activity of the normal controls 
and that of the 12-hour or 24-hour thyroxinized animals. The difference 
in activity between the normal controls and the 96-hour thyroxinized rats 
is highly significant. 

The mitochondrial fractions contributed the following percentages to 
the whole homogenate succinoxidase activities: normal, 63.4; thyroid- 
ectomized, 61.9; 12-hour thyroxinized thyroidectomized, 63.7; 24-hour 
thyroxinized thyroidectomized 57.2; 96-hour thyroxinized thyroidecto¬ 
mized 75.0. The mitochondrial fraction is primarily responsible for the 
succinoxidase activity of the cell, since the total recovered activity of the 
fractions was 91.2, 92.6, 92.4, 89.3 and 94.4 per cent for these groups 
respectively. 


DISCUSSION 

The conditions for the assay of the succinoxidase system require that 
the limiting enzyme in the S 3 '’stem: succinic dehydrogenase: cj'tochrome-c: 
cytochrome oxidase be the succinic deh 3 '^drogenase. Tipton and Nixon 
(1946) have demonstrated that the cytochrome oxidase system of liver 
homogenates prepared from normal, th 3 ’Toidectomized or thyroxinized 
rats is present in great excess over the succinoxidase system. Schneider, 
Claude and Hogeboom (1948) have indicated that cytochrome-c is present 
in excess in the livers of normal rats. However, Drabkin (1950) found that 
the cytochrome-c content of rat liver diminishes after thyi’oidectomy and 
increases in hyperthyroidism. The addition of exogenous cytochrome-c in 
the assay obviates the possibility of this enzyme being present in deficient 
quantities. The requirement for exogenous C 3 dochrome-c by the thy¬ 
roidectomized rat liver succinoxidase system appears to diminish with time 
after thyroxinization.® 

Schneider and Hogeboom (1950) have found that the succinoxidase 
system is primarily contained in the mitochondrial fraction of the rat 
liver. This localization is unaltered by modification of th 3 noid status 
(Table 1). The succinoxidase activity present in the nuclear and super¬ 
natant fractions probably indicates the difficulty in achieving preparations 
uncbntaminated by mitochondria. 

The response of the thyroidectomized rat liver succinoxidase system to 
thyroxine may be described as a triphasic response involving return to 
the control level of activity, plateau at this level, followed by further in¬ 
crease in activity. The first phase of the response may be due to reactiva¬ 
tion of enzymes already present but inactive. The second and third phases 
are probably related. The plateau may represent the time required for 


® Unpublished data. 
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the synthesis of additional enzyme. The further increase in activity 
probably reflects tlie increasing concentration of enzymes. 

SUMMARY 

The activity of the succinoxidase system of rat liver homogenates has 
been studied in normal control and thyroidectomized rats and compared 
with that of thyroidectomized rats 12, 24 and 96 hours following the ad¬ 
ministration of thyi'oxine. 

Under all the conditions studied the succinoxidase system was pre¬ 
dominantly present in the mitochondrial fraction. The latter was prepared 
by differential centrifugation of rat lir'^er homogenates suspended in iso¬ 
tonic sucrose. 

The liver homogenate succinoxidase activity of thyroidectomized rats 
returns to control levels within 12 hours following thyroxine administra¬ 
tion and remains at this level for an additional 12 hours before any further 
increase in activitj’- occurs. The implications of this finding are discussed. 
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THE INFLUENCE OF THE ADRENAL CORTEX ON 
AEROBIC GLYCOLYSIS BY NORMAL AND 
MALIGNANT RAT LYMPHOID TISSUE' 

SIDNEY ROBERTS and ABRAHAM AVHITE^ 

From the Department of Phijsiological Chemistry, School of Medicine, University 
of California Medical Center, Los Angeles, California 

T he regulatory influence of the adrenal cortical secretions on the 
structure and function of noi-mal lymphoid tissue has been demon¬ 
strated b}'- White and Dougherty (cf., White, 1947-48). In addition, a 
number of studies have indicated that the growth of lymphoid tumors 
may also be under the control of the adrenal cortex (Heilman and Kendall, 
1944; Murphy and Sturm, 1944; Sturm and Murphy, 1944; Law and Speirs, 
1947; Diller, Beck, and Blauch, 1948; Pearson, Eliel, and Rawson, 1950; 
Ingle and Nezamis, 1951; Emerson, 1951). 

These observations suggested that the metabolic behavior of normal 
and malignant Ijmphoid tissue might be influenced by variations in 
pituitar 3 '--adrenal cortical activity. Accordingly, investigations were 
undertaken of the influence of the adrenal cortex on the resphatory and 
aerobic gU'-colytic activity of normal and malignant rat lymphoid tissue, 
in vitro. These metabolic processes in normal lymphoid tissue were un¬ 
affected by the adrenal cortical secretions. However, surviving lympho¬ 
sarcoma tissue from rats pre-treated with adrenal cortical hormones or 
ACTH exhibited an increased rate of glucose utilization. This was not 
accompanied b}’’ a change in lactate accumulation or in total oxidative 
metabolism in the tumor tissue as a result of hormone treatment. 

METHODS 

The animals supplying normal and malignant lymphoid tissue for the in vitro investi¬ 
gations were adult male Sprague-Dawley rats, weighing 250-300 gm. All animals were 
maintained on Purina laboratory chow and drinking water ad libitum, with a weekly 
supplement of fresh lettuce. 

Bilateral adrenak etomy, where performed, was carried out via the dorsal approach 
4 to 8 daj^s before ,'ultopS 3 ^ The animals were then given 1 per cent NaCl to drink im 
stead of tap water. Hormone-treated rats were injected intraperitoneally with ACiU 
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(Actarmour) or ACE (Wilson’s aqueous adrenal cortical extract) 2 hours before tissue 
sampling. The dose of ACTH employed was equivalent to 4 mg. of the Armour standard, 
LA-l-A, per 100 gm. body weight. Usually, 2 ml. of ACE was the dose used per rat. 

The tissues studied included normal spleen, thymus, and mesenteric lymph nodes,^ 
and a transplantable lymphosarcoma maintained by subcutaneous passage in Sprague- 
Dawlej'' rats. This tumor had originally been produced and carried in Wistar animals.'* 


WITHOUT GLUCOSE 



SPLEEN 


THYMUS 




NODES 


TUMOR 


GLUCOSE 





HOURS OF INCUBATION 


Fig. 1. The influence of the adrenal cortex on the respiration of normal rat Ij'mphoid 
tissue and a transplantable lymphosarcoma. Solid lines represent tissue obtained from 
control animals; dotted lines, adrenalectoraized; dashed lines, hormone-injected. Each 
point is the average of 8 to 15 determinations. 

^ “Mesenteric lymph nodes” refers to the mesenteric chain of nodes dissected free 
of fat and connective tissue prior to mincing. 

■* We are indebted to Dr. Lloj^d Law of the National Institutes of Health for suppljdng 
us with this tumor. Histological confirmation of the l 3 ’'mphomatous character of the 
tumor in Sprague-Dawley recipients was obtained through the generous assistance of 
Dr. B. G. Lamson, Department of Pathologj’-, School of Medicine, University of Cali¬ 
fornia at Los Angeles. 
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Surviving tissues were obtained from animals udiich had been exsanguinated from 
the abdominal aorta while under light nembutal anesthesia. These tissues were rapidly 
removed, chilled, and minced free-hand witii a single-edge razor blade. Approximately 
100 mg. of tissue were incubated in 2 ml. of incubation medium at 38° C. Respiration 
studies were carried out in Ki-ebs-Ringer-phosphate buffer in Warburg flasks which 
had been gassed with 100 per cent oxygen. In some instances glucose was added to the 
medium (0.15%), and glucose utilization measurements were made. A number of meta¬ 
bolic studies were conducted in rat serum with a constant stream of 95% oxygen, 
5% carbon dioxide passing through the flask. The serum was obtained about one 
hour before incubation from rats similar to those supplying normal tissue. The glucose 
content of this serum was approximately 130 to 160 mg. per 100 ml. 

After varying periods of incubation, the flask contents were centrifuged at high speed. 
Aliquots of the supernatant were analy^zed for carbohydrate by the anthrone procedure 
after protein precipitation with trichloroacetic acid (Morris, 1948). Lactate was deter¬ 
mined by the method of Barker and Summerson (1941) and amino acid nitrogen by the 
method of Frame, Russell, and Wilhelmi (1943) on tungstic acid filtrates of the medium. 


RESULTS 

1. Respiration of normal and malignant lymphoid tissue 

Comparison was made of the respiration rates of normal and malignant 
lymphoid tissue minces obtained from adrenalectomized, hormone- 
injected, and control rats. Samples of spleen, thymus, and mesenteric 
lymph nodes were obtained from non-tumorous animals of the same age, 
weight, and dietary history as the rats supplying the lymphosarcoma 
tissue. The results obtained (Fig. 1) are expressed in terms of yl. oxygen 
consumed per mg. wet weight of tissue during the two-hour incubation 
period. In several instances, tissue water determinations were made. The 
Qo 2 values calculated on the usual dry tissue weight basis were sub¬ 
stantially in agreement with the oxygen consumption values depicted. 

It will be noted that both normal and malignant lymphoid tissues ex¬ 
hibited similar rates of respiration in the absence of glucose in the medium. 
The addition of glucose to the medium (0.15%) appeared to have no 
significant effect on the oxygen consumption of normal lymphoid tissue, 
but depressed the respiration of tumor minces. Hormone treatment 
(ACE or ACTH) uniformly had no effect on the oxygen consumption of 
normal or malignant tissues. Adrenalectomy tended to depress respiration 
only when glucose was present in the medium. 


2. Glucose disappearance and lactate accumulation 

The aerobic disappearance of glucose in the presence of surviving normal 
and malignant lymphoid tissue was studied in phosphate buffer fortified 
with glucose (0.15%) under an atmosphere of 100% oxygen and also in 
a rat serum medium under an atmosphere of 95% oxygen, 5% carbon di¬ 
oxide. The effect on glucose utilization of pretreatment of the rats with 
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ACE or AGTH, or of previous adrenalectomy, was also followed. 

The results obtained in serum and buffer were similar. Figure 2 and 
Table 1 show the effect of the adrenal cortical secretions on aerobic glucose 
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Fig. 2. The influence of the adrenal cortex on the aerobic utilization of glucose by 
normal rat lymphoid tissue and a transplantable lymphosarcoma. Incubations were 
conducted in Krebs-Ringer-phosphate buffer medium. Solid lines represent control 
animals; dotted lines, adrenalectomized; dashed lines, hormone-injected. Each point is 
the average of 6 to 12 determinations. 


Table 1. The influence of the adrenal cortex on aerobic glycolysis by 
normal rat lymphoid tissue and a transplantable lymphosarcoma* 




Number 

Glucose 

Lactate 

Tissue 

Treatment 

of 

utilization 

accumulation t 



rats 

ratef 

(as lactic acid) 

Mesenteric Lj’^mph Nodes 

Control 

13 

1.76+0.12 

0.80+0.11 

ACTH or ACE 

9 

1.78 + 0.13 

0.72+0.08 


Adrx 

10 

1.59+0.09 

0.56+0.10 

Lymphosarcoma 

Control 

9 

2.03+0.15 

1.50+0.20 

ACTH or ACE 

10 

4.22+0.20 

1.63+0.15 


Adrx 

7 

1.97+0.12 

1.39±0.13 


* AH incubations were carried out for 2 hours in a rat serum medium at 38° C. with a 
constant stream of 95 per cent oxygen, 5 per cent carbon dioxide passing through the flask. 

t Tlie figures shown are expressed as mg. per hour per gm. wet wt. tissue (average + 
standard error). 

utilization by normal Ijunphoid tissues and by lymphosarcoma tissue in 
phosphate buffer and serum, respecth'^elj\ Adrenalectomy, ACE and 
ACTH were without effect on glucose utilization by normal lymphoid 
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tissue. On the other hand, adrenal cortical hormones stimulated the glu¬ 
cose utilization rate of the tumor tissue under these conditions. The accu¬ 
mulation of lactic acid during the incubation of normal mesenteric lymph 
nodes and lymphosarcoma tissue in serum is indicated in Table 1. Lactate 
accumulation was considerably higher in the tumor tissue incubates. The 
adrenal cortical secretions produced no striking effect on lactate accumu¬ 
lation in either normal or malignant lymphoid tissue incubates. 

DISCUSSION 

The profound histological changes which occur in normal lymphoid 
structures as a result of pituitary-adrenal cortical hyperactivity 
(Dougherty and White 1945) were not accompanied in the present in¬ 
vestigations by striking alterations in the determined metabolic activities 
of normal rat lymphoid tissues in vitro. Previous adrenalectomy, it is true, 
tended to depress lymphoid tissue metabolism. This depression, however, 
cannot certainly be ascribed to a lack of circulating adrenal cortical hor¬ 
mones in view of the absence of an accentuating effect of hormone- 
treatment. 

Perhaps of more interest were the observations made of the influence of 
the adrenal cortical secretions on the aerobic metabolism of malignant 
lymphoid tissue. The addition of glucose to tumor incubates significantly 
depressed the respiration of this tissue, but had little or no effect on the 
respiration of normal lymphoid tissue metabolism. The obvious inference 
was that glucose supplementation of the medium permitted the tumor to 
obtain more of its energy from glycolysis. This was borne out by the ob¬ 
servation that lymphosarcoma tissue converted the major proportion of 
added glucose to lactate even under aerobic conditions. 

The dependence of tumors of all kinds on glycolytic mechanisms for 
energy has long been recognized (cf. Warburg, 1930). In the present 
studies, this dependence may well have been related to the stimulating 
effect of the adrenal cortical secretions on the aerobic utilization of glucose 
by the tumor. Thus, the previous administration of ACTH or ACE was 
observed to accelerate the disappearance of glucose in the presence of 
surviving lymphosarcoma tissue. However, a concomitant increase in 
lactate accumulation or oxygen consumption did not occur. It seems likely, 
therefore, that the accentuated utilization of carbohydrate resulting from 
hormone administration was accompanied by the sparing of endogenous 
substrate. 

The relationship of the above observations to the growth-arresting 
effect of cortisone and ACTH on lymphoid tumors is at present obscure. 
It is possible that an increased requirement for carbohydrate under these 
conditions may be the limiting factor responsible for tumor regression. 
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SUMMARY 

Adrenalectomy, ACTH, and adrenal cortical extract (ACE) were 
without striking effect on the respiration or«aerobic glycolytic activity of 
surviving normal rat lymphoid tissue, including spleen, thymus, and 
mesenteric lymph nodes. 

In contrast, the aerobic utilization of glucose by lymphosarcoma tissue 
in vitro was found to be significantly elevated by previous treatment of the 
animal supplying the tissue with ACTH or ACE. This increase was not 
accompanied by a change in lactate accumulation or total oxidative 
metabolism. The possible relationship of these findings to the growth- 
arresting effect of the adrenal cortical secretions on lymphoid tumors is 
discussed. 
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EFFECTS OF AMPHENONE “B” ON THYROID 
AND ADRENAL FUNCTIONS' 


JOHN R. HOGNESS,=* NORMAN D. LEE and 
ROBERT H. WILLIAMS 

From the Department of Medicine, University of Washington School of Medicine, 

Seattle, Washington 

AMPHENONE “B”® (Allen and Corwin, 1951), a substituted desoxy- 
.x\. benzoin, given orally or subcutaneously, produces marked enlarge¬ 
ment of rat thyroid and adrenal glands (Hertz, Allen and Tullner, 1950; 
Hertz, Tullner and Allen, 1951; Hogness, Williams and Lance, 1952). 
The thyroid enlargement is associated with reduction in 1'^' concentration 
(Hogness, Williams and Lance, 1952) and a lowered metabolic rate 
(Holtkamp, Heming and Sax, 1952). The thyi'omegalic effects are not 
found in hypophysectomized rats (Hertz, Allen and Tullner, 1950) or in 
those given supplementary thyroid extract (Hertz, Tullner and Allen, 
1951). The adrenomegaly produced by Amphenone ‘‘B” is associated 
with increase in cholesterol concentration (Hogness et al., 1952) without 
evidence of decreased adrenal function (Hertz ei al., 1951; Hogness et al, 
1952; Heming et al., 1952). As in the case of the thyroid, adrenal enlarge¬ 
ment is not found in hypophysectomized animals (Hertz et al., 1950) or in 
those given cortisone (Hertz et al., 1951). 

In the course of previous studies Avith this compound certain questions 
arose. A marked reduction of radioiodine concentration in the thyroid 
occurred following the injection of Amphenone “B.” Although this proba¬ 
bly represented inhibition of I'®' uptake, the possibilit}'' of an increased 
rate of release of iodine from the gland existed. In the case of the adrenal, 
most evidence indicated normal function following Amphenone “B” ad¬ 
ministration. HoweA^’er, the possibility of a partial block of steroid output 
remained (Hertz, Tullner and Allen, 1951). Because of possible clinical 
uses of a compound AAuth such marked effects upon both thyroid and ad¬ 
renal function, it seemed important to inAmstigate these problems, and it 

Received for publication November 3, 1952. 

1 Aided by grants from the United States Public Health Service, the Atomic Energy 
Commission and the State of Washington Initiative 171 Fund for Research in Biology 
and Medicine. 

^ This work was done during the tenure of a research fellowship of the American 
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^ Kindly supplied by Dr. Arthur E. Heming, Smith Kline and French Laboratoiies, 
Philadelphia, Pennsylvania. 
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was with this purpose in mind that the following experiments were de¬ 
signed. 

METHODS 

Sprague-Dawle}^ rats were used in all experiments; age, weight and sex varied with 
the experiment but were the same within any given group and its controls. The animals 
were fed Purina laboratory chow and were kept at constant temperature of 78° P. 
Amphenone “B” was administered by subcutaneous injection, unless otherwise noted. 

Thyroid: In order to determine more definitely whether Amphenone “B” exerted 
an inhibitory or secretory effect, the following experiments were conducted. First, 
thyroid glands were removed from a series of male rats weighing approximately 200 
grams and placed in Krebs-Ringer solution, pH 7.4, containing Amphenone “B” in 
molar concentrations ranging from 10~’ through 10~^. The thyroids from four animals 
were used at each concentration. Immediately upon introduction of the glands into the 
solutions, 10 pc. of I'^‘ was added to each flask. The flasks were incubated in a Dubnoff 
shaker at 37° for one hour, whereupon the glands were removed, washed, placed in 6N 
NaOH, homogenized, and radioactivity assayed by means of a Geiger-Mueller counting 
sj^stem. Results were expressed as the per cent of I”* uptake exhibited by the control 
glands. For purposes of comparison an identical experiment was carried out, substituting 
propj'lthiouracil for Amphenone “B.” 

In a second experiment four 100 gm. male rats were given 20 mg. of Amphenone 
"B” in 0.5 ml. of normal saline, intravenously. After one hour, these rats and four con¬ 
trols were given 25 pc. of I’’‘ in saline subcutaneously. Four hours later the rats were 
sacrificed and radioactivity in each lobe of the thyroid determined. Results were e.x- 
pressed as per cent of injected I‘’‘ per mg. of thyroid tissue. 

The following experiment was designed to determine whether Amphenone “B” 
caused evacuation of radioiodine from the thyroid. Fifteen male rats weighing 200 to 
250 gm. were given 25 pc. of I“‘ subcutaneously. Five hours later the animals were 
sacrificed, the thyroid glands removed and the two lobes separated. One lobe from each 
animal was incubated in Krebs-Ringer solution containing 10“’ M Amphenone “B,” 
while the other lobe was incubated in Krebs-Ringer solution containing 10~’ M propyl¬ 
thiouracil; all flasks contained 0.001% KI in order to block P’* reincorporation. After 
incubation for 90 minutes in a Dubnoff shaker, the glands were placed in 6N NaOH, 
homogenized and radioactivity assayed. 

Another experiment similar to the above was conducted; however, in this case one 
half of the lobes were incubated in Krebs-Ringer solution containing KI and propyl¬ 
thiouracil and the other half were incubated in Krebs-Ringer solution containing KI 
alone, as a control. 

Adrenal: To establish more conclusively (a) whether Amphenone “B”-induced 
adrenomegaly is associated with adrenal blockade or a normal or increased output of 
adrenal steroids and (b) whether Amphenone "B” exerts an immediate effect on the 
adrenal, similar to ACTH, the following two experiments were devised. 

Eighteen 90 gm. female rats were given Amphenone “B” tAvice dailj' for four and one- 
half days. The dosage was 10 rag./lOO gm. body weight and the drug was administered 
subcutaneously in 0.5 ml. of physiological saline, pH 4.0. Twehm hours before sacrifice 
all animals were given the last injection of Amphenone “B” and food was withdrawn. 
Four hours before death six of the animals were given a subcutaneous injection of 1 i.u. 
of ACTH,-* six Avere placed in the cold (for 4 hours) and six serA'ed as controls. At the 


’ Kindi}" supplied by Dr. GrosA^enor Bissell, Armour and Co., Chicago, Illinois. 
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was 26 mg./lOO gm. body weight. This difference is significant (P <0.01). 
Neither ACTH nor exposure to cold altered the adrenal weight. 

The center graph in Figure 4 represents the adrenal ascorbic acid con¬ 
tent. Whereas there appears to be some increase in ascorbic acid concen¬ 
tration in the Amphenone “B’' treated animals as compared with the con¬ 
trols (mean values 0.446 and 0.400 mg./lOO mg. of adrenal respectively) 
this difference is not statistically significant. However, within each group 
the differences in adrenal ascorbic acid concentration following ACTH or 
cold stimulation were highly significant. Injection of 1 i.u. of ACTH into 
Amphenone “B” treated rats resulted in a fall in adrenal ascorbic acid 


AMPHENONE "B" AND ADRENAL STEROID EFFECTS 



Fig. 5 
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from a mean, of 0.446 mg./lOO mg. of adrenal to 0.356 mg. (P <0.001) 
and subjection to cold for four hours produced a more marked decrease to 
a mean of 0.277 mg./lOO mg. of adrenal. In the saline controls, under con¬ 
ditions of both ACTH and cold stimulation, the ascorbic acid concentra¬ 
tion fell from a mean of 0.400 to 0.344 and 0.345 respectively (P <0.03). 
These observations are of interest in that in Amphenone “B” treated 
animals, ACTH or cold stimulation produced a greater adrenal response 
than was seen in the saline controls. It would also appear that four hours 
in the cold was a greater stimulus than subcutaneous administration of 
1 i.tr. of ACTH. 

The adrenal cholesterol concentration seen in the lower graph in Figure 
4 paralleled the observations on ascorbic acid. A more than two fold in¬ 
crease in cholesterol concentration was observed in the Amphenone “B” 
treated animals, confirming previous observations. However, despite this 
increase, cold stimulus for example, produced a marked fall in cholesterol 
concentration from a mean of 6.86 mg./lOO mg. adrenal to a mean of 
5.02 mg. (P <0.01). As may be seen from the graph, this response was of 
greater magnitude than that seen in the controls. As was the case with the 
ascorbic acid determinations, cold appeared to produce a greater stimulus 
than the injection of one i.u. of ACTH. 

Figure 4 represents direct measurements of adrenal properties. However, 
if a stimulus to the adrenal is to be effective it must produce not only 
changes in the adrenal itself but also an increase in production and secre¬ 
tion of adrenal steroids. Such an increased output might be reflected by 
changes in (a) circulating eosinophiles (b) liver glycogen content and (c) 
thymic weight. Figure 5 shows that such changes do occur under the con¬ 
ditions of this experiment. 

Following ACTH or cold stimulation there was a significant fall in cir¬ 
culating eosinophiles in both the Amphenone “B” treated animals and 
the controls. Again, this fall is more pronounced with cold exposure, 
especially in the case of the Amphenone “B” animals. Although the abso¬ 
lute eosinophile determinations seem somewhat higher in the controls 
than in the Amphenone “B” animals (20.4 mm.® as compared with 15.2 
mm.®) this difference is not of significance statistically. 

Although the fasting liver glycogen is the same in Amphenone “B” 
treated animals and saline controls, a highly significant increase in liver 
glycogen occurred when the Amphenone “B” animals were injected with 
1 unit of ACTH or subjected to four hours in the cold. A rise of from 0.54 
mg. of glycogen per gram of liver to 1.22 and 1.31 mg. respective^, re¬ 
sulted (P<0.02). No such rise occurred in the control group, indicating 
again that the Amphenone “B” stimulated gland is capable of an even 
more marked response to ACTH and cold than the controls. 
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The bottom graph in Figure 5 represents thymic weights in Amphenone 
“B” and control groups. The mean thymus weight in the control rats was 
425 mg./lOO gm. body weight, whereas the mean in the Amphenone “B” 
treated rats was 351 mg. This difference is significant (P <0.01). No signif¬ 
icant differences were found within Amphenone “B’' and control groups, 
however. 

The results of an acute experiment, in which one injection of Ampehenone 
“B” was given four hours before death, are shown in Table 2. No differ¬ 
ences of any significance were observed between the values obtained in 


Table 2. Effect of single subcutaneous injection of 

AMPHENONE “B” ON ADBENALS 



Control 

Saline 

Amphenone "B” 

Adrenal weight 

(mg./lOO gm. body wt.) 

30.2 

29.4 

30.5 

Ascorbic acid 

(mg./lOO mg. adrenal) 

0.37 

0.42 

0.31 

Cholesterol 

(mg./lOO mg. adrenal) 

2.15 

2.04 

1.87 

Thymus weight 

(mg./lOO gm. body wt.) 

161 

154 

169 

Eosinophiles 
(per mm.^) 

38.3 

34.0 

39.2 

Liver glycogen 
(mg./gm. liver) 

3.3 

3.1 

2.3 


the animals given no injections, those injected with saline, and those to 
whom Amphenone “B” was administered. This indidates that, with respect 
to the adrenal, one injection of Amphenone “B” does not exert a measur¬ 
able immediate effect. 

DISCUSSION 

It has been shown that prolonged administration of Amphenone 
results in thyroid enlargement. The studies reported in this paper show 
than Amphenone "B,” in low concentration, inhibits the incorporation of 
radioactive iodine into the th 3 a'oid both m vitro and in vivo. On a molar 
basis Amphenone “B” was shown to be as effective a thyroid blocking 
agent as is propylthiouracil. Whereas both agents produced marked in¬ 
hibition of thyroid uptake, neither produced any change in the rate of 
release of iodine. 

It is concluded that the increase in thyi-oid size observed following Am¬ 
phenone “B” administration occurs on the same basis as with propyl¬ 
thiouracil. It is presumably the result of an increase in circulating TSH 
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brought about by a fall in the blood thyroxine level, resulting from antag¬ 
onism to its synthesis. This conclusion is supported b}'’ the observation 
of Holtkamp, Homing and Sax (1952) of a lowered oxygen consumption 
following Amphenone “B” administration. 

The observations on the thyroid suggested that the adrenal enlargement 
and associated rise in cholesterol concentration noted after prolonged 
Amphenone “B” administration might also be the result of a “blocking” 
action. Contrary to original expectations however, no diminution in 
adrenal function was observed. Evidence presented indicates that the 
adrenals of the Amphenone "B” treated animal are capable of responding 
to stimulation by secreting an even greater quantity of steroids than those 
of the controls. In animals receiving Amphenone “B” over a four and one- 
half day period the administration of 1 i.u. of ACTH or exposure to cold 
for four hours produced a marked fall in adrenal ascorbic acid and cho¬ 
lesterol concentrations. This was associated with a pronounced rise in liver 
glycogen and a significant fall in circulating eosinophiles. These changes 
were more marked in the Amphenone “B” treated animals than in the 
control group. Therefore, not only are the adrenals of the Amphenone 
“B” treated animals capable of responding to stimulation but it would 
seem reasonable to conclude that they respond by secreting a greater 
quantity of steroids than the controls. Of interest was the observation 
that, in the Amphenone “B” treated animal, exposure to cold for four 
hours apparently evokes a greater adrenal response than one i.tr. of 
ACTH administered subcutaneously. 

, The conclusions reached above appear to be quite the opposite of the 
situation observed in the case of the thyroid. Thiouracil has been shown 
to produce an effect on the adrenal (Zarrow and Money, 1949) as well as 
on the thyroid, but in this instance the changes observed consisted of a 
true cortical atrophy. Hence, although Amphenone “B” acts like thiouracil 
where the thyi’oid is concerned, the action on the adrenal is very different 
from that of thiouracil. 

In a previous experiment (Hogness, Williams and Lance, 1952) it was 
shown that administration of 35 mg. of Amphenone “B” in four divided 
doses, over a 24-hour period, produced no change in adrenal size, adrenal 
cholesterol concentration or thymus size. Therefore Amphenone “B” does 
not exert an effect like short term administration of ACTH, formaldehyde, 
or other compounds that produce an acute “alarm” response. The reaction 
is also unlike that observed after the administration of such substances as 
erucic acid where an increase in adrenal size and cholesterol content has 
been noted but no change in steroid secretion was apparent (Carroll, 1951; 
Carroll and Noble, 1952). 
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Since Amphenone “B” does not exert a blocking effect on the adrenal 
and since the increase in adrenal size is not produced in hypophysectomizecl 
animals, our results can be explained by postulating that the compound 
stimulates the anterior pituitary or hypothalamus directly and that the 
adrenomegaly is the result of an increase in trophic hormone brought about 
by this stimulus. 

This interesting compound has three distinct sites of action. It produces 
progestational effects (Allen, Hertz and Tullner, 1950) presumably by a 
direct action on the end organs, since these changes occur even in hypo- 
physectomized animals (Hertz et al., 1950). It also acts directly on the 
thyroid by inhibiting iodine uptake and hence suppressing thyroid func¬ 
tion, and finally, the compound apparently has a direct stimulatory ac¬ 
tion on the pituitary, producing adrenomegaly in this manner. 

SUMMARY 

1) Amphenone was shown to inhibit the incorporation of into 
thyroid protein both in vivo and in vitro. This effect was present when molar 
concentrations of the inhibitor were as low as 10“®, and the compound 
was shown to be equally as potent an anti-thyroid substance in vitro as 
propylthiouracil. Neither Amphenone “B” nor prop 3 dthiouracil was shown 
to have any effect on the rate of release of radioiodine from the rat thyroid. 

2) Prolonged administration of Amphenone "B” to rats produced 
adrenomegaly which wms associated with increases in adrenal ascorbic 
acid and cholesterol concentrations. Determinations of liver glycogen, 
circulating eosinophiles and thymus weight indicated that the enlarged 
adrenals were capable of responding to ACTH or cold stimulus by secreting 
an increased quantity of steroids. The response in Amphenone “B” 
treated animals was even greater than that of the controls. 

3) It is concluded that Amphenone “B” has a direct antithyroid "block¬ 
ing" action but that the effect on the adrenal is stimulatory in nature. 
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THE PROTEIN ANABOLIC EFFECT OF TESTOSTERONE 
PROPIONATE AND ITS RELATIONSHIP TO INSULIN 

OTAKAR V. SIREK and CHARLES H. BEST 

Banting and Best Deparbnent of Medical Research, University of Toronto, 

Toronto, Canada 

S INCE Kochakian and Murlin (1935, 1936, 1937) performed their 
fundamental experiments on castrate dogs it has been well established 
that administration of androgenic substances causes a fall in the non¬ 
protein nitrogen level (NPN) in blood and at the same time lowers the 
nitrogen excretion in the urine. It is well known also that insulin has a 
very similar effect when injected into the diabetic organism (Falken- 
hausen, 1925, Chaikoff and Forker, 1950)—in other words, insulin and 
the male sex hormone may, under certain circumstances, exert a similar 
protein anabolic effect. The interrelationship between testosterone pro¬ 
pionate and insulin has therefore been investigated and as a first step the 
behavior of the NPN and blood sugar levels of normal and depancreatized 
dogs receiving testosterone has been studied. 

EXPEEIMENT 

This study was carried out on eight well trained female dogs of a weight 
between 20-25 Kg. Three of them were surgically depancreatized and a 
standard diet was fed twice a day. Regular (Toronto) insulin was used and 
administered subcutaneously twice a day in order to keep the urine of 
the animals sugar-free. Studies were made on 1) normal dogs, 2) totally 
depancreatized dogs after withdrawal of insulin and on 3) depancreatized 
dogs receiving various doses of insulin. Each experiment was carried out 
twice on the same dog, once without testosterone and again after injection 
of testosterone. 

The injections of the male sex hormone (we are grateful to the Ciba 
Company for supplies of Perandren) were given in the following way: the 
first morning 50 mg. of testosterone propionate dissolved in Sesame oil 
were given intramuscularly, the second day 50 mg. in the morning and 25 
mg. in the afternoon. The third day the actual experiment was carried out 
when 4-7 blood samples were drawn from the animal which was fasting 
for 24 hours before start of the experiment. A dog treated with testosterone 
was used again only after an interval of at least 4-5 weeks when it was 
assumed that all injected testosterone had disappeared from the body. 
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Blood sugar was determined according to Miller and Van Slyke (1936) 
and for NPN determinations on whole blood Folin and Wu’s (Bostrom, 
1944) colorimetric method was applied. The precipitation of blood proteins 
was carried out according to a special modification described by Folin 
(1930). In this not very commori form of protein precipitation blood cells 
are minimally damaged and haemolysis is prevented. Using this modified 
precipitation method the results are around 12 mg.% lower than figures 
obtained bj’' the original method of Folin and Wu and even small varia¬ 
tions m the NPN level can be detected. 

RESUIiTS 

The dose of 125 mg of testosterone propionate injected into a normal 
dog under the standardized conditions of our experiments proved to be 
highly effective as demonstrated in Figure 1. A similar depression of the 
NPN level in blood was obtained also in the other four intact animals. 
In contrast to normal dogs, the same dose of testosterone injected into our 
totally depancreatized dogs did not exert any effect on the NPN level 
when the exogenous supply of insulin was withheld for 24 hours before the 



TIVS IH KODRS 

Fig. 1. The normal female dog responds to testosterone by a remarkable lowering 
of the non-protein nitrogen level in blood. 

start of experiment. Figures 2a and 2b are good illustrations of the negative 
response of diabetic dogs when only traces of insulin were present in the 
body. When under the same conditions an arbitrarily chosen dose of in¬ 
sulin was injected into such a diabetic dog a remarkable lowering of the 
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NPN occurred, as shown in Figure 3, and no further depression of the 
NPN level could be obtained when the same dose of insulin and testoster¬ 
one were acting together at the same time. The same observation was 
made after injections of even smaller amounts of insulin, such as 7, 4 or 2 



TIKE IM HOWS 

Fig. 2a. The depancreatizod dog kept for 24 hours without exogenous insulin ex¬ 
hibits no change of the non-protein nitrogen level after testosterone treatment. Dog 
DS2. 



Fig. 2b. Same as 2a. Dog DS3. 
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units. The fall of the NPN, however, as could be expected a priori, after 
smaller doses of insulin was not so dramatic as shown in Figure 3, but tes¬ 
tosterone never influenced the NPN level in either direction in these de- 
pancreatized dogs. 



Fig. 3. The diabetic dog responds to insulin by a prompt lowering of the non-protein 
nitrogen level. Testosterone neither supplements nor counteracts the NPN-lowering 
effect of insulin. 

Bl«m snout BOO so 4 



Fig. 4. A standard dose of 125 mg. of testosterone propionate does not affect the 
blood sugar level of the normal female dog. 



CONJOINT EFFECTS OF PYRIDOXINE DEFICIENCY 
AND ANTERIOR PITUITARY GROWTH HORMONE 
ADMINISTRATION IN THE RAT 


J. BEARE, J. R. BEATON, F. SMITH and E. W. McHENRY 

School of Hygiene, University of Toronto, Toronto, Canada 

I T HAS been shown in enzymatic studies (Cammarata and Cohen, 
1950; Armstrong, Feldott and Lardy, 1950) and investigations with in¬ 
tact rats (Sheppard and McHeniy, 1946; Hawkins, MacFarland and Mc¬ 
Henry 1946; Beaton, Ballantyne, Lau, Steckley and McHenry, 1950) that 
vitamin Be affects nitrogen metabolism. Anterior pituitary growth hor¬ 
mone has been stated to promote nitrogen retention (Li and Evans, 1947; 
Russell, 1951). In order to determine whether the hormone would exert 
its anabolic influence in rats rendered deficient by dietary restriction of 
vitamin Be and by the administration of the vitamin antagonist, desoxy- 
pyridoxine, three studies differing somewhat in experimental detail were 
performed. 


EXPERIMENTAL 

In all experiments, albino rats of the Wistar strain were lioused in 
individual screen-bottomed cages and fed either a fat-free, 15% casein 
diet or a 20% corn oil, 20% casein diet as noted. Except for sucrose, the 
other ingredients in per cent by weight were common to both regimens: 
salts mixture (Steenbock and Nelson, 1923) 4, vitaminized casein 4 (the 
protein content included in the total casein), agar 2, choline 0.2, inositol 
0.2 and cod liver oil concentrate .015 (supplying approximately 45 i-U- 
vitamin A and 11 i.u. vitamin D per rat per day). Sucrose made up the 
remainder of the diet in each case. The vitaminized casein was a mixture 
of: 100 mg. thiamine chloride, 100 mg. riboflavin, 400 mg. calcium panto¬ 
thenate, 400 mg. nicotinic acid, 400 mg. p-aminobenzoic acid, 20 mg. 
biotin, 20 mg. folic acid and 800 gm. casein. All animals were given daily 
supplements of 100 ng. desoxypyiudoxine per rat per day in the diet; 
control animals were also provided with 50 gg. pyridoxine hydrochloride 
per rat per day in the diet. The rats receiving anterior pituitary growtli 
horinone^ were injected with 1 mg. in 1 cc. saline per rat per day m a 
single dose. Injections of saline of the same volume were given to the 
remaining rats. 

Alanine-load tests were carried out with both vitamin Brdeprived and 
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pyridoxine-supplemented groups by injecting, intraperitoneally, 15.2% 
DL-alanine in water in quantity to provide 0.5 mg. nitrogen per gm. body 
weight based on the average body weight per group. One group of animals 
on each treatment was sacrificed at set intervals of time following the 
amino-acid administration. Zero hour groups received 5 cc. 0.9% saline 
per rat by the intraperitoneal route and were sacrificed immediately. Sub¬ 
sequent to anesthetization with nembutal, blood was removed from the 
exposed heart, heparinized, and pooled for each group. The following 
analyses were done on the pooled samples: urea (Archibald, 1945), amino 
nitrogen (Frame, Russel and Wilhelmi, 1943), plasma free glutamic acid 
and glutamine (Prescott and Waelsch, 1947), sugar (Nelson, 1944), 
hemoglobin (Collier, 1947), and hematocrit value by the standard method. 

In studies involving nitrogen excretion two rats were maintained in each 
metabolism cage for the last 8 to 11 days of the exeprimental periods. 
Excreta were collected at 48-hour intervals, toluene being the urinary 
preservative employed, and analyzed for total nitrogen by a macro- 
Kjeldahl method. After the removal of certain organs the remaining car¬ 
casses were frozen in liquid air, passed through a power grinder, and a repre¬ 
sentative sample homogenized in a Waring Blendor. Aliquots were taken 
for determinations of total nitrogen, of moisture by drying in an electric 
oven at 105° C. for 5 hours, and of total crude fatty acids (Gavin and 
McHenrjq 1940). Homogenized pooled livers were analyzed for water and 
protein and also for total vitamin Be content (Atkin, Schultz, Williams 
and Frey, 1943). 

Experiment I .—Administration of Anterior Pituitary Growth Hormone 
to Pyridoxine-deficient and Pyridoxine-supplemented Adult Female Rats. 

Sixteen groups, each of 7 female rats with an average initial bodj'' weight 
of 170 gm., were fed the fat-free, 15% casein diet for 25 days before the 
growth hormone treatments were begun with 8 groups, the other 8 groups 
not receiving the hormone. Following 7 days of injections the animals were 
fasted for 16 hours, doses of alanine administered and the levels of blood 
metabolites determined at intervals of 0, 1,3 and 6 hours. 

Experiment II .—Administration of Anterior Pituitary Growth Hormone 
to Pj'^ridoxine-deficient and Pyridoxine-supplemented Rats Fed ad libitum. 

Groups of 8 rats each, of both sexes, Avith an average initial body weight 
of 100 gm. were fed the 20% corn oil, 20% casein diet. As a consequence of 
some mortality those 12 groups which were not used for studies of nitrogen 
retention were rearranged into 8 groups. After 19 days on diet growth hor¬ 
mone was injected for the next 7 days. Alanine was administered after an 
18-hour fast and blood metabolites were measured at intervals of 0, 1| 
and 4 hours. 
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Experiment III .—Administration of Anterior Pituitary Growth Hor¬ 
mone to Pyridoxine-deficient and Pair-fed Control Rats. 

Pour groups of 8 rats each with an average initial body weight of 89 gm. 
received the same diet and treatments as those of experiment II except 
that each control group was pair-fed with its correspoding deficient group. 
Also, no alanine was given in this experiment. The animals were on diet 
15 days before the injections of growth hormone were begun and 10 daj^s 
afterwards. 

RESULTS AND DISCUSSION 

During the periods that the rats were on experimental diets the greatest 
differences in the average body weight of groups were observed in experi¬ 
ment II where the rats were smaller than the females used in experiment 
I and were fed ad libitum unlike those of experiment III. In the last ex- 


Table 1. Average body weight of experimental animals 


Exp. 

Group 

Final average 
body weight 

Weight gains 
during injection 
period 




gm. 

I 

-j-Bfi 1 


3 


-B6 


1 


-|-B6-|-GH‘ 


13 


-Bs + GH 

166 

2 

II 

+Bs 

179 

7 


-Be 

109 

2 


+B6 + GH 

189 

17 


-Be-f-GH 

102 

-9 

III 

■t-Be 

141 

15 


-Be 

104 

8 


+ B6 + GH 

140 

17 

4 

-Be-tGH 

100 

6 


^ GH indicates groups injected uith growth hormone. 


periment the restriction in food intake prevented the typical effect of 
growth hormone on body weight. This result would be anticipated since 
an increase in weight can occur onljr wdien quantities of nutrients in excess 
of maintenance requirements are available for storage. Lee and Schaffer 
(1934) reported that paired-feeding of growth hormone treated rats and 
uninjected controls does not prevent an increase in body weight consequent 
to hormone administration. It should be noted that the average food in¬ 
takes of those animals (about 12 gm. per day) were far in excess of the aver¬ 
age food intakes of the animals in experiment III (6 gm. per day). The ad¬ 
ministration of growth hormone in.all experiments increased the severity 
of acrodynia, the dermatitis characteristic of pyridoxine deficiency. 

From the blood analyses it is evident that in the adult female rats, 
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growth hormone had no effect on the typical picture of urea formation 
from alanine (Beaton et al., 1950) other than to depress the level of blood 
urea following alanine administration in both control and deficient groups. 
The levels of the other blood metabolites indicated that the hormone ac- 

Table 2. Blood analyses 


Exp. 

Group 

Hours 

after 

alanine 

load 

Blood 

Plasma 

Packed 

cell 

volume 

Hemo¬ 

globin 

Amino 

nitro¬ 

gen 

Urea 

Sugar 

Gluta¬ 

mic 

acid 

Gluta¬ 

mine 




% 

gm.% 

Jng.% 

ing-% 

nig.% 

nig.% 

n>g.% 

I 


0 

46 


12.6 

23 

183 

1.7 

13.5 



1 

58 

— 

36.0 

43 

207 

4.3 

— 



3 

56 

— 

15.4 

80 

165 

4.1 

— 



6 

55 

— 

12.8 

116 

156 

4,2 

— 


-Be 

0 

44 

_ 

12.8 

26 

141 

3.0 

12.5 



1 

59 

— 

44.0 

40 

185 

9.0 

— 



3 

56 

— 

17.5 

83 

229 

3.3 

— 



6 

58 

— 

15.0 

121 

156 

2.8 

— 


+ B64-GH 

0 

43 

_ 

14.2 

31 

141 

2.7 

11.0 



1 

56 

— 

34.2 

38 

207 

4.2 

— 



3 

56 

— 

15.6 

69 

223 

3.0 

— 



6 

54 

— 

12.6 

94 

177 

3.3 

— 


-Be+GH 

0 

44 

_ 

14.0 

28 

177 

2.2 

9.5 



1 

57 

— 

50.0 

35 

163 

10.7 

— 



3 

56 

— 

20.8 

62 

255 

6.3 

— 



6 

54 

— 

14.6 

101 

129 

4.6 

— 

II 

+ Be 


51 

15.0 


22 

75 

5.0 

5.5 




51 

14.7 

45.0 

44 

190 

19.4 

— 




51 

13.9 

23.5 

90 

222 

8.3 

— 


-Be 

0 

49 

14.4 

10.5 

32 

135 

4.6 

8.5 




49 

14.7 

46.2 

71 

88 

13.5 

— 



4 

48 

12.7 

23.8 

130 

247 

11.0 

— 


+Be + GH 


49 

14.6 

13.4 

19 

84 . 

4.4 

6.8 



U 

53 

14.7 

48.6 

30 

138 

10.4 

20.2 



4 

50 

14.7 

23.8 

88 

230 

6.3 

— 


-Be+GH 

0 

46 

13.3 

11.3 

36 

160 

6.9 

14.3 



11 

44 

12.7 

42.3 

65 

135 

14.3 

13.3 



4 

48 

13.9 

14.7 

136 

215 

6.9 

— 

III 

4“ Be 

— 

43 

13.5 

12.9 

31 

145 

3.4 

5.0 


-Be 

— 

42 

12.7 

12.0 

44 

105 

3.6 

4.2 


+B6+GH 

— 

44 

12.3 

28.2 

25 

140 

2.2 

8.0 


-Be + GH 

— 

45 

12.9 

13.0 

51 

160 

4.9 

9.3 


centuated the effects of the vitamin deficiency. In the studies with the 
younger rats, experiments II and III, the fasting level of blood urea was 
elevated in pyridoxine deficiency as was shown previously by Beaton et al. 
(1950). The effect of growth hormone was apparently to raise it further in 
the deficient and to depress it in the control animals. Changes in the levels 
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of plasma glutamic acid and glutamine showed no consistency as a conse¬ 
quence of growth hormone administration. 

In control animals growth hormone induced nitrogen retention in the 
rats fed ad libitum but not in those with a restricted food intake. Such a 
finding was in accord with observations on body weight. Although differ¬ 
ences in nitrogen retention and body weight were not seen in the pair-fed 
animals, growth hormone did affect the levels of blood metabolites. In the 
absence of pyridoxine, the anabolic properties of the hormone were at no 
time exhibited. 

Analyses for moisture, protein and total crude fatty acids of the body 
showed that administration of growth hormone had no significant effect on 
the proportions of water, protein, or of fat in either control or deficient 
rats. 

Table 3. Nitkogen excretion 


Exp. 

Group 

No. of 
rats 

No. of 
days 
injected 

Urinary N 

Fecal N 

food N — 

(Urinary 4-fecal N) 

Food N 

Food N 







gm./rat/day , 

II 

-f-Ba 

8 

4, 5 

.33 

.050 

.15 



8 

6, 7 

.49 

.050 

.11 


-Ba 

8 

4, 5 

.47 

.042 

.09 



8 

6, 7 

.50 

.057 1 

.08 


-f-Be-fGH 

8 

4, 5 

.22 

.035 

.27 



8 1 

6, 7 

.24 

.041 

.22 


-Ba4-GH 

8 

4, 5 

.38 

.039 

.12 

1 


7 

6. 7 

.59 

.084 

.05 

III 

4-Be 

8 

7, 8 

.44 

.037 

.14 



8 

9, 10 

.62 

.036 

.07 


-Be 

8 

7, 8 

.74 

.065 

.05 



7 

9, 10 

.77 

.055 

.03 


+ Be-fGH 

8 

7, 8 

.48 

.045 

.10 



8 

9, 10 

.47 

.028 

.10 


+Be4-GH 

8 

7, 8 

.83 

.066 

.02 



6 

9, 10 

.69 j 

.057 

.06 


Table 4. Liver and carcass constituents for experiment hi 


Group 

Liver i 

1 

Carcass 

% water 

j 1 

% protein 

% water 

% protein 

% crude 
fatty 
acids 

+ Be 


19.8 

66.1 

23.3 

9.6 

-Be 


18.7 i 

69.2 

24.1 


“hBc-j-GH 


20.2 

65.6 

21.9 

1 9.0 

-Be-tGH 1 


19.1 


25.4 

1 

2.9 
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From the assay of total vitamin Be in tlie liver it is seen that its content 
was lowered by pyiddoxine deficiencj'- per se, and again by growth hormone 
administration in both control and deficient groups, another finding which 
suggests that the hormone aggravates the state of the deficiency. 

In pyridoxine deficiency the absolute and relative Aveight of the thymus 
was greatly reduced. Administration of growth hormone appeared to fur¬ 
ther that effect. The weight of the adrenal glands increased in proportion to 
the total body weight in the animals lacking pyridoxine. Again in this re¬ 
spect, growth hormone made the effect more pronounced. 

Table 6. Lives total vitamin Be contents and organ weights 


E.vp. 

Group 

Total 
vitamin Be 
of liver 
Mg'/gm. 
moist 
tissue 

Liver 
% body 
weight 

Spleen 
% body 
weight 

Thymus 
% body 
weight 

Adrenal 
gland 
% body 
weight 

I 

-hBfi 

— Be 

-f*B6 4*011 
-Be-fOH 

8.3 

6.2 

8.4 

4.7 





II 

4* Be 

7.0 

7.7 

0.53 

0.37 

.008 


-Bs 

5.4 

3.4 • 

0.49 

0.07 

.011 


4*66 4*011 

6.7 

7.8 

0.46 

0.31 

.011 


-B,4-GH 

4.8 

7.7 

0.63 

0.07 

.018 

III 

4*65 

5.7 

5.3 

0.57 

0.31 

.014 


-Be 

2.9 

5.7 - 

0.48 

0.11 

.015 


+ Be + GH 

4.7 

5.7 

0.69 

0.24 

.016 


-Be+GH 

3.0 

5.8 

0.36 

0.07 

.022 


In studies of rdtamin deficiencies the specificity of effects is always open 
to question. In most deficiency states there is a decrease in food consump¬ 
tion which giA’-es rise to inanition. The use of pair feeding makes possible 
comparison betAA'een tAA^o groups AAuth one variable: presence or absence of 
a particular Aotamin. Observations made on this basis have been reported 
and discussed aboA'^e. It should be made clear, hoAA'eA'er, that the deficiency 
of only one vitamin has been studied. This one was selected because of the 
reported relation to protein metabolism. A deficiency of another B vitamin 
might liaA'-e giA’-en similar results. Until further investigations are made it 
will not be possible to state that the reported effects are specific for a single 
vitamin. 

SUMMARY 

1. Experiments haA^e been described in AAdiich pjn-idoxine deficiencj'’ and 
anterior pituitary groAvth hormone administration were conjointly studied 
in adult female rats and in j^ounger rats fed ad lihitwn and on a restricted 
food intake. 
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2. The only observed effects of growth liormone on the blood chemistry 
of pyridoxine-deficient animals following a test-load of alanine were ap¬ 
parent in adult female rats. 

3. Provided that the animals were receiving an adequate amount of 
food, growth hormone promoted increased body weight and nitrogen re¬ 
tention in the control animals but not in the deficient ones, 

4. The hormone aggravated the effects of deficiency as demonstrated 
by the increased severity of acrodynia, the further elevation in the fasting 
level of blood urea, the lowered content of total vitamin Be in the liver, 
the decreased weight of the thymus, and the increased weight of the ad¬ 
renal glands. These effects of growth hormone administration on organ 
weights and on total vitamin Be content were also observed in animals 
provided with pyridoxine. 


A cknoioledgmenis 

The growth hormone used in this studj' was supplied witliout charge by Armour and 
Company through the kindness of Dr. Bunding. Tlie investigation was made possible 
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THE EFFECT OF ASPIRIN UPON THE GLYCOSURIA 
OF PARTIALLY DEPANCREATIZED RATS IN THE 
PRESENCE AND ARSENCE OF THE 
ADRENAL GLANDS 

DWIGHT J. INGLE, DEXTER F. BEARY 
AND ANDREJS PURMALIS 

Research Laboratories, The Upjohn Compamj, Kalamazoo, Michigan 

S ALICYLATES and related compounds are capable of activating the 
adrenal cortices via the anterior pituitary (Cronheim, King and Hyder, 
1952). Hailman (1952) has summarized the evidence that the therapeutic 
and biologic effects of these compounds are mediated by the increased 
secretory activity of the adrenal cortices. 

We have considered the possibility that aspirin can cause a state of hy- 
percorticalism in the laboratory rat. If this were true, it would be expected 
that aspirin would exacerbate the diabetes of the partially depancreatized 
rat since corticotropin and the 11-oxygenated steroids of the adrenal cor¬ 
tex are diabetogenic (Ingle, 1948). On the contrary, large doses of aspirin 
suppress the glycosuria and hyperglycemia of diabetic patients and ani¬ 
mals (see Gross and Greenberg, 1948, for review). 

In the present study it is shown that large doses of aspirin ameliorate 
the diabetes of partially depancreatized rats in both the presence and ab¬ 
sence of the adrenal glands. 


METHODS 

Infection-free male rats of the Sprague-Dauley strain were partially depancreatized 
at a weight of appro.ximately 275 gms. by the procedure described bj'^ Ingle and Griffith 
(1942). The experiments were conducted in an air-conditioned laboratory with the tem¬ 
perature maintained at 74 to 78° F. and the humidit}'- at appro-ximatelj' 50 per cent of 
saturation. After the animals had recovered from the operation and had reached a 
weight of approximately 300 gms., thej'- were placed in metabolism cages and were 
adapted to the force-feeding of a medium carboh.ydrate diet (Table 1) by stomach tube 
each morning and late afternoon. The technique and diet were modified from those 
described b}' Reinecke, Ball and Samuels (1939). During the period of adaptation to 
force-feeding the amount of diet was increased gradually to prevent the development of 
food shock. The animals were brought to a full feeding of 26 cc. of diet per day on the 
6th daj'. Twenty-four-hour samples of urine were collected at the same hour each day 
and were preserved with toluene. Urine glucose was determined by the ferricyanide 
electrode method of Shaffer and Williams (1935). 
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Table ]. AIedium caubohydrate diet 


Constituent 

grams 

Cellu flour (Chicago Dietetic Supply House) 

60 

Osborne & Mendel salt mixture 

40 

Dried 3 mast (Pabst) 

100 

Wheat germ oil 

10 

Cod liver oil 

10 

Vitamin K (2-methyl-1,4-naphthoquinone) 

100 mg. 

Mazola oil 

200 

Casein (Labco) 

160 

Starch 

200 

Dextrin 

190 

Sucrose 

200 

Water to make total of 

2000 cc. 


After the level of glj'cosuria-had become stable, 50 per cent of the animals were 
adrenalectomized by sterile technique. The amount of adrenal cortical extract required 
to restore the gl 3 mosuria to its preadrenaIectom 3 ’^ level (3 to 5 cc. in divided doses per da 3 d 
was established for each adrenalectomized rat and was then kept uniform throughout 
the remainder of the experiment. The adrenal cortical extract (Upjohn) was prepared 
f/om mixed beef and hog glands and represents the activit 3 " equivalent of 0.1 mg. of 
hydrocortisone per cc. 

Aspirin was ground into a fine suspension in peanut oil at a concentration of 100 mg. 
per cc. It was administered b 3 ’’ subcutaneous injection immediatel 3 ’’ after the morning 
and late afternoon feedings. 

EXPERIMENTS AND RESULTS 

Following control periods of several 3veeks, each rat was treated with 
40 mg. of aspirin daily for 7 days, 80 mg. daily for 7 days and 160 mg. 
daily for 7 days. When the injections were stopped each animal 3vas ob¬ 
served during a second control period of 14 days. The experiments involved 
10 severely diabetic rats, 5 of which were adrenalectomized; 13 moderately 
diabetic rats, 6 of which were adrenalectomized; and 10 mildly diabetic 
rats, 5 of which tvere adrenalectomized. 

During the administration of aspirin there was a suppression of the gly¬ 
cosuria in each animal to an extent which was proportional to the dose. 
When the injections of aspirin were stopped, there was exacerbation of 
the glycosuria to levels much higher than the initial control values. The 
pattern and extent of response was similar in the adrenalectomized and 
non-adrenalectomized animals. The data are summarized in Figure 1. 

DISCUSSION 

The effect of aspirin upon glycosuria in the rat occurs independently of 
any change in adrenal function. Smith (1952) has shown that sodium 
salicylate reduces the glycosuria of steroid (cortisone) diabetes in the lat 
and also suppresses the glycogenic activity of cortisone. 
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Other biologic effects of salicylates occur independently of the adrenal 
cortices. Thorn (1951) has noted the usefulness of aspirin in controlling the 
fever of patients having adrenal cortical insufficiency. 

It would be of special interest to know whether or not the therapeutic 
effect of aspirin and similar compounds upon the rheumatoid diseases is 
mediated by the adrenal cortices. This hypothesis has found favor among 
a number of laboratory and clinical investigators but the supporting evi¬ 
dence is indirect and can be otherwise interpreted. A critical trial of the 
hypothesis would require the testing of these compounds in patients with¬ 
out functional adrenal glands who also have one of the rheumatoid dis¬ 
eases. 

SUMMARY 

This stud}'' was a partial test of the hypothesis that large doses of aspirin 
can cause a state of hypercorticalism in the rat. Thirty-three partially de- 
panereatized male rats of about 300 gms. weight were force-fed a medium 



5 »0 19 20 25 30 35 40 
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Fig. 1. The effect of aspirin upon the glycosuria of partially depancreatized rats, 
with and witliout adrenal glands. Averages. 
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carbohydrate diet. Sixteen rats of this group were also adrenalectomized 
and treated with adrenal cortical extract in amounts (3 to 5 cc. daily) 
which sustained the preadrenalectomy level of glycosuria. Each rat was 
given subcutaneous injections of aspirin in oil suspension in amounts of 
40, 80 and 160 mg. per rat for 7 days per dose. There was a marked suppres¬ 
sion of glycosuria to an extent which was related to the size of the dose of 
aspirin. When the injections of the drug were stopped there was a tem¬ 
porary exacerbation of the glycosuria to much higher levels than were 
noted during the pre-injection period. Since the pattern and extent of re¬ 
sponse to aspirin was identical in both the presence and absence of the 
adrenal glands, it was concluded that this pharmacologic effect of aspirin 
is not mediated by the adrenal glands. 
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ANTAGONISTS TO CORTISONE: AN ACTH-LIKE 
ACTION OF . STEROIDS 


ROBERT GAUNT, CONSTANCE H. TUTHILL, NANCY 
ANTONCHAK and J. H. LEATHEM' 

Research Laboratories, Ciba Pharmaceutical Products, Inc., Summit, New Jersey 

T he experiments reported here were undertaken ito determine if some 
of the effects of cortisone in rats could be antagonized or otherwise 
modified by the simultaneous administration of other steroids. In the 
course of the initial studies it was observed that both 17Q:-methyl-5-andro- 
stene-3|3,17/3-diol, subsequently referred to as MAD, and testosterone 
propionate (TP) counteracted markedly the adrenal-inhibiting effects of 
cortisone (Gaunt, Howell and Antonchak, 1962) and subsequent work ha's 
been focused largely on that point. By coincidence'Winter and Hollings 
(1951) and Winter, Hollings and Stebbins (1953) independently but 
earlier observed the same adrenal-maintaining effect of the same two com¬ 
pounds. They put their data at our disposal prior to its publication. We 
have extended their work particularly by studying the effects of a large 
number of steroids but in all instances in which duplication occurred we 
have confirmed their findings. 

It has been known since the original work of Cutuly, Cutuly and 
McCullagh (1938), confirmed by Leonard (1944) and Zizine, Simpson and 
Evans (1950), that testosterone propionate and some other steroids (Lea¬ 
thern and Brent, 1943; Leonard, 1944) would prevent partially the ex¬ 
pected adrenal atrophy after hypophysectomy. Leathern (1944) saw the 
same effect of testosterone propionate but found that it was a time-limited 
response which faded out despite continued treatment. We have found 
that cortisone-induced adrenal atrophy in intact animals can be pre¬ 
vented by testosterone and a large number of other C-19 and C-20, but 
not C-21, steroids and that this effect cannot be correlated with their an- 
di’ogenic, growth-stimulating or other observed biological properties. 

METHODS 

;Male rats from our inbred Wistar stock weighing appro.x’imatelj'- 60 grams were used. 
They were maintained on a commercial laborator 3 ' chow supplemented bj^ lettuce and 
cod liver oil. 

Cortisone acetate was given in a dose of 1 mg. pei daj' and other steroids were used in 
varj’ing dosages. All injections were made subcutaneoush’. In the initial e.xperiments 

Received for publication December 4, 1952. 

‘ Department of Zoolog}-, Rutgers Universitj-. 
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treatments were continued for 20 da 3 ^s. Later it was observed that essential!}" the same 
effects could be observed after only seven days of treatment and subsequent experiments 
were of that duration. Fresh wet weight of organs are recorded. 

Since data were too voluminous for all of them to be included in this paper relative 
organ weights only are tabulated except in Table 5 and 6. Actual weights can easily be 
estimate d from the bo dy weight data. The statistical value included is the standard 
e\'vor = \/^d^/n{n—l). Statements that differences between means are definitely sig¬ 
nificant are based upon p values of less than 0.05 from Fisher’s table of t. 

Seminal vesicle weights were included as a rough index of the androgenicity of the 
compounds studied. Since non-castrated animals were used, these figures should not be 
construed as precise measui'es of androgenicit}". 

Cortisone acetate, referred to generally in this paper as cortisone, was given in aque¬ 
ous suspension. DCA, estradiol benzoate and the 0.25 mg. doses of TP (Tables 1, 2 and 
3) were given in oil solution. MAD was administered in an emulsion in the cases recorded 
in Tables 1, 2 and 3. All the compounds shown in Tables 4 and 6 were injected as micro¬ 
crystalline aqueous suspensions. No differences attributable to the vehicle were observed. 

The adrenal glands were sectioned and examined particularly for changes in lipid con¬ 
tent and distribution. One adrenal was fixed in 10 per cent neutral formalin for 48 hours, 
embedded in gelatin (Zwemer, 1933) and returned to formalin until sectioned. These 
glands were sectioned at 15 microns on a freezing microtome, stained with sudan IV 
(Herxheimer’s solution, Cowdry, 1943) or with sudan black B and mounted in glycho- 
gel (Zwemer, 1933). Some sections were placed in 2.5 per cent ferric ammonium sulfate 
at 37° C. for three days and then treated with sulfuric acid (Schultz, 1924) in an attempt 
to reveal cholesterol and its esters. The otlier adrenal was either fixed in Bouin’s fluid or 
in cold 80 per cent alcohol. The glands fixed in Bouin’s were seriall}" sectioned and stained 
with hematoxylin and eosin. The glands fixed in alcohol were used to estimate the 
alkaline phosphatase enzyme by the Gomori (1939, 1941) technique with the addition of 
2 per cent magnesium sulfate to augment the stain. Such tissues were incubated at 37 G. 
with sodium beta glycerophosphate for three hours at pH 9.3-9.4. 

RESULTS 

Adrenal Maintenance 

As noted in all of the tables, cortisone when given alone produced the ex¬ 
pected adrenal inhibition. This effect was almost as great after 7 as after 
20 days of treatment. In hypophysectomized rats cortisone was without 
effect on the actual adrenal weights but, because of body weight loss, in¬ 
creased the relative adrenal weights. 

DCA also reduced adrenal weight (Table 1) but less so than cortisone. 
When DCA and cortisone were combined their effects in reducing adrenal 
weight were greater than that of either compound alone in the 20-day ex¬ 
periments (Table 1) but not in those run for seven days (Table 3). 

A sodium chloride drinking solution was without effect on adrenal 
weight when given alone or with cortisone (Table 1). When given with 
DCA it increased adrenal weight over that seen with DCA alone (Table 
1). This may be a manifestation of the expected damaging effects of this 
combination. 
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Table 1. Effect of various steroids on growth and relative 

ORGAN weights IN INTACT AND ADBENALECTOMIZED MALE RATS* 

Experiments of 20 days duration 



Body weight—gtn. 

Organ weight (per 100 gm. body weight) 

Group No. & 
treatment 

r--. 

Initial 

Term¬ 

inal 

% Gain 

Adrenal, 

mg. 

Thymus, 

mg. 

Kidney, 

gm.' 

Testis, 

gm. 

Seminal 

vesicle, 

mg. 


Intact Rats 


1. None 

65 

! 157 

144+ 6.0 

16.6+0.50 

313+15.3 

1 0.91 + 0.016 1 

1.14+0.023 

45.3+2.9 

12 

2. Cortisone Acetate 

68 

121 

77+ 6.4 

7.7+0.55 

128+11.9 

1.03+0.031 1 

1.42+0.063 

53.0±7.8 

12 

1 mg./day 










3. DCA 1 mg./day 

4. l%NaGl to drink 

65 

172 

165+ 9.2 

12.9+0.42 

304+10.8 

1.03+0.013 1 

1.08+0.039 

49.0+3.15 

12 

63 

148 

133+10.4 

18.2+0.93 

299+10.9 

0.99±0.010 

1.15±0.045 

39.5+3.65 

12 

5. Cortisone Acetate i 

64 

131 1 

104± 7.7 


130+21.8 

l.I9±0.023 

I.25±0.051 

43.4±3.74- 

12 

+ dca 

6. DCA+NaCI 

66 

147 ! 

123+ 9.1 1 

5.9+0.25 j 
15.3+0.92 

270+ 22.2 

1.23± 0.035 ; 

l.H±0.041 

39.4±3.88 

12 

7. Cortisone .Acetate 

67 1 

109 

63+ 6.8 ! 

6.8+0.42 ' 

125±n.6 

l.U±0.026 ' 

1.48±0.047 ' 

56.2±6.65 ' 

12 

•fNaCi j 

1 

1 

1 

i 

1 

i 

i 




Adrenalecfcomizcd Rats 


8. None 

^ All died before 20th dav i 

I 



1 

1 

12 

9. Cortisone Acetate 

1 62 

90 1 

47+ 5.6 

— 

107 

1.17 

1.59 

i 38.2 

12 

1 mg./day 

10. DCA—1 mg./dav 

62 

162 1 

164+ 6.7 

_ 

40S 

1.08 

. 1.09 

46.8 

12 

11. 1% NaCltodrink 

69 

132 ! 

90± 6.9 

— 

439 

1.05 

1.18 

45.2 

7 

12. Cortisone Acetate 

62 

120 

96+ 6.1 

— 

100 

1.17 

1.32 

40.5 

12 

+DCA 

13. DCA+NaCl 

66 

139 

113± 8.6 

_ 

352 

1.16 

1.12 

45.3 ' 

10 

14. Cortisone Acetate 

65 

110 

71+ 6.7 


101 

1.11 1 

-1.51 

63.3 

12 

+NaCl 






! 





Intact Rats 


15. None 

53 

152 

162+ 7.0 

19.3+1.00 

302+15.8 

0.94+0.018 

1.17± 0.030 

1 45± 2.82 

13 

16. MAD* 2 mg./day 

58 

147 

155+ 6.1 

19.9+0.45 

' 179±12.0 

1.04+0.015 

0.89±0.04 

307±17.00 

12 

17. Cortisone Acetate 
+MAD 

57 

96 

68+ 4.1 

22.3+1.29 

1 66.7± 6.5 

1 

I.15±0.02D 

1.26±0.003 

460+27.82 

12 

18. Cortisone Acetate 
-bDCA-bMAD 

59 

117 

' 100± 6.6 

1 

20.5+1.21 

68.0±n.4 

1.19±0.026 

1.11±0.023 

468±27.55 

12 

19. Testosterone 
Propionate 

0.25 mg./day 

00 

158 

161±10.9 

1 18.7±1.40 

1 

167+13.3 

1 

0.97±0.010 

0.4710.028 

398±40.S5 

12 

20, Cortisone Acetate , 
-f-Test. Prop. 

59 

122 , 

106+ 7.3 

I1.7±0.53 

87± 6.7 

0.9S±0.022 j 

0.79±0.041 

484±44.82 

12 

21. Cortisone 
Acetatc+Test. 
Prop.-pDCA 

60 

133 

124+ 7.9 

10.3±0.24 i 

i 

74± 6.0 

1.1 +0.017 ! 

i 

0.65+0.011 

i 

511134,27 

12 


• MAD = l7<j:-methyl-5-androgteae-3/5,l7^-dioI, 

’ In all cases in this and subseciuent tables when combined treatments were used the dose of each was the same as that indicated when 
the substances were given separately. 


The first androgens studied were MAD and TP. They were given ini¬ 
tially in daily doses of 2 and 0.25 mgs. respectively in order to achieve ap¬ 
proximate equalit}*- of androgenicity as judged by the effects on seminal 
vesicel weight. In such dosage neither MAD nor TP given alone had sig¬ 
nificant effect on the adrenals of intact animals. Both compounds, however, 
when given with cortisone helped prevent adrenal’ atrophy, with MAD 
being the more effective of the two (Tables 1 and 3). When given in equal 
doses (Tables 4 and 5) they had equal effects and maintained normal 
relatii^e adrenal weights and near-normal absolute weights in cortisone- 
treated rats. 

In hypophj’-sectomized rats (Table 2) TP at a 0.25 mg. daily dosage was 
without effect on adrenal size. MAD (2 mg. per day), on the other hand. 





410 


GAUNT, TUTHILL, ANTONCHAK AND LEATHEM Volume 52 


Table 2. Effect of various steroids on growth and relative 

ORGAN WEIGHTS IN HYPOPHYSECTOMIZED HALE RATS 

Experiments of 20 days duration 






F= 



H| 

Adrenal, 

mg. 

Thymus, 

mg. 

Kidney, 

gm. 

■ Testis, 

1 Km. 

Seminal 

vesicle, 

mg. 

1 No. 
rats 

1. Hypx.—none 1 

80 

01 

+ 5.2 

11.7 + 0.42 

228 

0.72 

0.30 

8.2 

1 in 

2. Cortisone Acetate 

83 ' 

68 ' 

-18.1 

14.6 + 0.32 

51 

0.94 

0.31 

10.3 

19 

1 ms./day 








3. MAD 

85 

91 

+ 7.0 

16.7 + 0.84 

55 

0.85 

1.02 

1025.0 

20 

2 inR./day 








4. MAD +Cortisone 

80 

71 

-17.2 

21.6 + 0.17 

41 

1.03 

1.40 

1140.0 

20 

Acetate i 








5. Test. Prop. 0.25 

88 

100 

+13.7 

12.2 + 0.74 

113 I 

0.73 

0.57 

1010.0 j 

8 

mg./day 1 




i 




C. Test. Prop. +Cor- 
tisone Acetate | 

85 

78 

-9.1 

18.0 + 0.87 

58 

0.95 

0.98 

1472.0 

1 

10 


produced a distinct increase in adrenal weight. When cortisone was given 
in combination with MAD a normal relative adrenal weight was ob¬ 
tained. Actual w'eights, however, were no greater than when MAD alone 
was given. 


Table 3. Effect of various steroids on growth and relative 
ORGAN weights IN INTACT MALE RATS 
Experiments of 7 days duration 


Group No. & 1 

treatment 1 

Body weiglit—gm. 

Food 

Organ 

weights (per 100 gm. body weight) 

No. 

rat 

Initial 

Term¬ 

inal 

1 

% gain j 

intake/ 

rat/day, 

gm. 

Adrenal, ^ 
mg. 

Thymus,' 
mg. j 

Kidney, 

gm. 

Testis, 

gm. 

Seminal 

vesicle, 

mg. 

1. None 1 

64 

99 

55+1.90 

11.0 

20.6+ .64 

350 

1.05 

.843 

14.9 

12 

2. Cortisone Acetate 

63 

"0 1 

11+1.40 

8.9 

11.0± .03 1 

1 

72 

1.21 

1.044 

16.7 

12 

1 mg./day 









12 

3. Cortisone Ao.+DCA 

64 

81 

27+2.83 

9.7 

10.7+ .51 

90 

1.18 

.951 ' 

14.4 

1 mg./day 









1 

12 

4. Test. Prop. 

63 

103 

62+2.19 

11.4 

19.5+ .68 

270 

1.09 

.618 

127.8 

0.25 mg./day 


1 



i 

1 



1 

12 

5. Test. Prop.-fCorti- 

59 

78 

22+2.30 

10.4 

15.0+ .81 

67 

1.20 

.773 

181.1 

sone Ac. 









1 

12 

6. Test. Prop+Corti- 1 

56 

74 

33+2.29 

9.3 

15.9+ .97 

61 

1.19 

.779 

182.3 

sone Ao.+DCA 










12 

7. MAD 2 mg./day 

60 

93 

54+4.43 

10.3 

22.6+1.53 

315 

1.057 

.723 

59.4 

8. MAD-f-Cortisone Ac. 

60 

71 

18+2.55 

8.9 

19.2+ .07 

56 

1.178 

.847 

84.3 

12 

9. MAD+Cortisone l 

58 

75 

31 + 2.60 

9.1 

20.0+1.52 

67 

1.241 

.830 

92.6 

12 

Ac.+DCA 


1 






30.1 

i 12 

10. Estradiol Benzoate i 

lOy/day 1 

11. Estradiol Benz. 1 

+Gortisone Ac. | 

58 

82 

42+2.92 

8.6 

23.3+ .77 

223 

1.056 

.357 

59 

72 

20+2.14 

1 8.0 

17.4+1.30 

84 

1.032 

.456 

30.4 

12 


It is apparent from Tables 4 and 5 that a sizeable group of other steroids 
are as effective as MAD or TP in preventing cortisone inhibition of the 
adrenals. None of these compounds, when given alone, increased adrenal 
size significantly when compared with control groups observed simul¬ 
taneously with the possible exception of 17/3-hydroxyandrostan-3-one. 
Some of them may have been expected to depress adrenal weight if given 
for long periods (Selye and Stone, 1950). Most of the C-19 and C-20 com¬ 
pounds were of approximately equal effectiveness. The 21-carbon ethy, 
and vinyl derivatives of androstenediol or testosterone were, however, 
curiously weak or ineffective. 
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Table 4. Effect of various steroids on growth and relative 

ORGAN WEIGHTS IN INTACT MALE RATS 

Experiments of 7 days duration 

(Daily dosage; Cortisone 1 mg.; All others 2 mg.;—10 rats per group) 



Body weight 


Food 

Organ weights (100 gm. body weight) 

Group No. <k 
treatment 

Initial 

Term¬ 

inal 

% gain 

intake/ 

rat/day, 

gm. 

Adrenal, 

mg. 

Thymus, 

mg. 

Kidney, 

gm. 

Testes, 

gm. 

Seminal 

vesicle 


62 

97 

57+2.0 

14.3 

20.1±0.56 

336 

1.13 

0.79 

14.4 


58 

95 

64±3.4 

14.3 

22.4±0.77 

479 

1.17 

0.70 

12.8 


63 

68 

12+2.4 

11.6 

10.3+0.65 

63 

1.28 

1.01 

15.8 

4. •Cortisone 

59 

68 

15±2.3 

12.2 

12.3+0.69 

47 

1.41 

,0.92 

15.8 

5. 17/3-hydroxyandrostan-3-one 

59 

94 

57+2.8 

13.9 

23.6±1.01 

208 

1.13 

0.71 

164.0 

No. 5+Cortisone 

61 

75 

20+2.9 

12.0 

23.4+1.35 

49 

1.38 

0.89 

233.0 






23.0± 1.17 


1.22 

0.56 

149.8 


62 

105 

70+3.4 

16.0 

213 

No. S-fCortisone 

62 

80 

31±3.9 

14.7 

23.3±0.83 

50 

1.36 

0.70 

202.0 

7. 17a-MethyU5-androstcne-3^, 





23.6+1.03 

224 


0.74 


n^iol 

61 

100 

60+2.7 

14.3 

1.13 

133.0 

No. 7+Cortisone 

62 

77 

22±2.6 

12.4 

22.3±I.02 

52 

1.30 

0.91 

174.0 

8. 17a-Methylteatosterone 

58 

93 

58±3.8 

11.6 

23.5±0.90 

226 

1.09 

0.71 

166.0 

No. 8+Cortisone 

59 

75 

25±2.8 

lO.O 

21.6±0.76 

44 

1.27 

0.90 

212.0 

0. •n0-methoxy-4-androsten- 





21.9+6.70 






60 

102 

71+1.5 

15.2 

344 

1.19 

0.65 

71.8 

No. 9+Cortisone 

61 

75 

24±2.3 

13.2 

2I.5±0.40 

60 

1.30 

0.85 

110.3 

10. •Testosterone Propionate 

58 

102 

75±3.3 

14.6 

22.9±0.70 

204 

1.18 

0.67 

179.0 

No. 10+Cortisone 

59 

76 

30±2.7 

13.1 

20.8± 1.03 

49 


0.83 

234.0 

11. 5'androstene-3^,17/3-diol 

58 

95 

59±4.3 

13.4 

21.2±1.14 

299 

1.13 

0.68 

48.2 

No. 11+Cortisone 

57 

70 

20±3.0 

11.2 

OoSBlil 

58 

1.26 


68.4 

12. 17a-methyl-3^,17^-andro- 





2I.7±1.30 






57 

94 

62+4.3 

13.6 

214 

1.12 

0.73 

75.2 

No. 12+Corti3one 

59 

72 

20±2.3 

12.9 

mam 

49 

1.26 

0.73 

105.5 

13. AQdrostane-3ail7^>diol 

57 

92 

60±3.6 



213 




No. 13+Cortisone 

57 

71 

23±2.0 


19.9±1.33 

46 




14. 17a-Methylandro3tan-l7/3-ol 

62 

98 

57+3.3 

14.1 

20.2±0.86 

296 

1.10 

0.54 

45.3 

No. 14+Cortisone 

60 

71 

18±2.5 

11.7 

18.0±0.78 

49 

1.27 

0.72 

61.3 

15. •Dehydroepiandrosterone 

62 

104 

68+2.1 

15.9 

17.6+0.87 

358 

1.16 

0.73 

29.0 

No. 15+Cbrtisone 

62 

76 

23±2.9 

13.7 

16.1±0.65 

74 

1.50 

0.92 

33.6 

16. •l7a-Ethylandrostane-diol 

59 

94 

60+3.2 

14.6 

21.9+1.00 

368 

1.18 

0.70 

12.7 

No. 164*Cortisone 

61 

71 

18±2.4 

12.6 

15.4+0.48 

80 

1.31 

0.83 

17.3 

17. 17a-E*.byltestosterone 

60 

93 

62+5.0 

13.9 

18.8+1.3 

287 

1.04 

0.53 

91.6 

No. 17+Cortisone 

61 

73 

20+3.0 

12.6 

14.0+0.85 

52 

1.22 

0.67 

127.4 

18. 17a-Vinyltestosterone 

63 

98 

58+3.0 

13.0 

18.9+0.64 

309 

1.16 

0.52 

93.1 

No. IS-f-Cortisone 

60 

74 

22±2.9 

13.5 

12.8+0.77 

62 

1.22 

0.62 

129.3 

19. 17a-Ethyl-5-andro3tene-3/S, 










17/3-diol 

60 

95 

56+5.5 

13.4 

20.8+1.62 

. 323 

l.IO 

0.79 

24.3 

No. 19+Cor.tisone 

61 

72 

18±2.3 

11.8 

12.7+0.97 

67 

1.21 

0.97 

32.0 

20. •3^-Methoxy-5-androaten- 










17-one 

60 

98 

62+3.2 

14.7 

21.9+0.52 

360 

1.15 

0.78 

14.8 

No. 20+Cortisonc 

GO 

72 

20±3.4 

13.1 

12.1+1.03 

84 

1.32 

1.05 

20.8 

21. 17a-Vinyl-5-androstene-3/3, 
175-diol 

62 

101 

56+3.3 

14.4 

19.7+0.85 

327 

1.12 

0.80 

21.8 

No. 2l+Cortisone 

56 

68 

2t±3.5 

10.8 

11.6+0.88 

66 

1.17 

0.90 

23.1 


* The groups marked by an a.sterisk were observed in one continuous experiment and those not so designated in another. 


It happened that our first observation of adrenal maintenance in corti¬ 
sone-treated animals was with 2 mg. daity doses of ]\IAD. For the sake of 
uniformitj! most other steroids were compared with MAD at that same 
dose level. It is apparent, however, from a cursory studji with the small 
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number of animals shown in Table 6 that at least MAD and 5-andro- 
stene-3|3,17/3-diol were effective in doses of less than 2 mg. per day. The 
same result was found by Winter et al. (1953). It is also apparent (Table 


Table 5. Summary of data on effect of cortisone alone and in combination 

WITH OTHER STEROIDS ON ADRENAL WEIGHT 


Treatment' 

Adrenal 

weight, 

mg. 

Adrenal 
weight, 
mg./lOO gm. 

No. 

rats 

None 

20.3 

21.0 

32 

Cortisone Alone 

7.7 

11.2 

33 

Cortisone4-the following: 




17/3-hydroxyandrostan-3-one 

17.1 

23.4 

10 

(dihydrotestosterone) 




17a-methyl-17/3-hydroxyandrostan-3-one 

18.8 

23.3 

10 

(methyldihydrotestosterone) 




17a-methy 1-5-androste ne-3^, 17^-diol (MAD) 

17.1 

22.3 

10 

17o!-methyltestosterone 

16.0 

21.6 

10 

17/3-methoxy-4-androsten-3-onc I 

16.1 

21.5 

10 

(Testosterone methyl ether) . ! 




Testosterone Propionate 

15.7 

20.8 

10 

5-androstene-30,17/3-diol 

14.2 

20.7 

10 

17a-methyl-3^,17^-androstanediol 

15.1 

20.7 

10 

Androstane-3a, 17^-diol 

14.1 

19.9 

10 

17a-Methylandrostan-17|3-ol 

12.7 

18.0 

10 

Estradiol benzoate—lOy/day 

12.5 

17.4 

12 

Dehydroepiandrosterone 

12.0 

16.1 

10 

17Q;-ethylandrostane-30,17/3-diol 

10.8 

15.4 

10 

17o!-ethyltestosterone 

10.0 

14.0 

10 

17a-vinyltestosterone 

9.7 

12.8 

10 

17a-Ethyl-5-androstenc-3/3,17(3-diol 

9.3 

12.7 

10 

3/3-Methoxy-5-androsten-17-one 

8.5 

12.1 

10 

(Dehydroepiandrosterone methyl ether) 



10 

17Q:-Vinyl-5-androstene-3/3,17^-diol 

7.8 

11.6 


‘ All dosages were: 1 mg. Cortisone+2 mg. of other steroids (except Estradiol benzoate) 
per day for 7 days. The effect of the various steroids given alone, together with other related 
data, is shown in Tables 3 and 4. 


Table 6. Effect of 17a!-METHYL-5-ANDROSTENE-3/?,17/3-DiOL (MAD) and 5-androstene- 
3/3,]7j3-DIOL (AD) ON ADRENAL WEIGHT WHEN GIVEN ORALLY 
OR IN SMALL SUBCUTANEOUS DOSES 

(4 rats per group, treated for 7 days) 


Daily treatment 

Adrenal 

weight, 

mg. 

Adrenal 
weight, 
mg./lOO gm. 

2 mg. MAD by stomach tube + 1 mg. Cortisone subcu. 

9.1 

13.8 

2 mg. AD by stomach tube + 1 mg. Cortisone subcu. 

8.3 

BjiB 

1 mg. MAD subcu.+ 1 mg. Cortisone subcu. 

15.2 


1 mg. AD subcu.+1 mg. Cortisone subcu. 

13.6 

18.5 

0.5 mg. MAD subcu.+1 mg. Cortisone subcu. 

13.4 

20.4 

0.5 mg. AD subcu.+ 1 mg. Cortisone subcu. 

10.7 

15.7 








April, 1953 


STEROID EFFECTS ON ADRENAL 


413 


6) that neither of the two above-mentioned compounds were fully active 
when given orally in 2 mg. doses. Further studies.along this line are in 
progress. 

The effects of small doses of estradiol benzoate were surprisingly like 
those of the larger doses of androgenic steroids in maintaining adrenal 
weight in the cortisone-treated animals (Table 3). It is a well-known prop¬ 
erty of estrogens to cause an adrenal weight increment in intact animals 
when given alone and that was seen here. Given with cortisone it had an 
effect on adrenal maintenance intermediate between that of the most ac¬ 
tive and least active compounds shown in Table 5. Further studies with 
steroids related to estradiol are now in progress. 

Adrenal Histology 

Comprehensive histological study was done only on the adrenals from 
the animals shown in Table 3 and on those from Table 4 treated with 
2 mg. daily of TP and 17/3-methoxy-4-androsten-3-one with their appropri¬ 
ate controls. The latter compound was of especial interest because while it 
maintained adrenal weight as well as TP its androgenic activity was 
greatly reduced. 

a. Lipid: The control glands presented the typical concentration of 
lipid in the adrenal cortex (Fig. 1). The glomerulosa layers were generally 
narrow and while most cells contained lipid an occasional cluster lacked it 
and broke the continuity of a continuous ring under the connective tissue 
capsule. A sudanophobic zone separated the glomei’ulosa and fasciculata. 
This band of lipid free cells apparently is a characteristic of the male rat. 
The outer fasciculata was fat laden and this heavy concentration in some 
cases continued to the reticularis or in other cases a gradual decrease in 
concentration occurred toward and through the reticularis. 

Administration of cortisone acetate appeared to favor an enlargement 
of the glomerulosa emphasized by the intense lipid staining of many of the 
cells (Fig. 2). An occasional adrenal exhibited some fascicular fat, generally 
in the outer half, but the staining intensity was always subnormal. In 
more than half of the glands, the fasciculata and reticularis were lipid 
free; these tended to be the smaller glands of the series. 

The simultaneous administration of 1 mg. per day of DCA with corti¬ 
sone unexpectedly offered some protection from lipid depletion (Fig. 3). 
Some fascicular fat was present, ranging from a tinge to a moderate 
amount but the lipid was always relegated to the outer third or half of 
the fasciculata. Cortisone seemed to have the dominance in enlarging the 
glomerulosa but the lipid was not uniformly heavy in that zone. 

MAD in 2 mg. dailj^ amounts had no effect on adrenal lipid distribution. 
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However, when combined with cortisone the depleting effects of the corti¬ 
sone were largely prevented and the lipid distribution was within the range 
of normal limits (Fig. 5). The impression was gained, however, that the 
glomerulosa was still enlarged by the cortisone but when DCA was added 
in a triplicate treatment that the glomerulosa returned to normal size in 
some but not all cases (Fig. 7). 

Testosterone proprionate in 0.25 mg. daily amounts whether given 
alone, with cortisone or with cortisone and DCA had no effects except to 
inhibit slightly the lipid-depleting effects of cortisone. Two mg. doses of 
TP and of 17(3-methoxy-4-androsten-3-one had effects indistinguishable 
from those described above with the same dose of MAD (Figs. 4 and 6). 

Estradiol benzoate (lOy per day) effectively eliminated the sudano¬ 
phobic zone (as per Creep and Jones, 1950) but did not alter lipid in other 
parts of the cortex. When estradiol was given with cortisone the lipid 
distribution was otherwise normal in four of ten cases. The six remaining 
cases had enlarged glomerular zones which were fat-laden while other parts 
of the cortex showed only a uniform hazy film of stain. The pattern was 
that of a cortisone-treated gland but instead of the fasciculata and reticu¬ 
laris being mostly fat free there was always some lipid. 

b. Alkaline phosphatase: Using glycerophosphate as a substrate, the 
normal adrenal exhibited a considerable concentration of enzyme in the 
glomerulosa; the nuclei stained markedly and the cytoplasm slightly. 
Only slight amounts were observed in the nuclei and none in the cytoplasm 
of the other cortical cells. Cortisone appeared to reduce slightly the fascic¬ 
ular enzyme concentration whereas MAD and TP tended to increase it 
slightly. The uncertain impression was gained that the increase in alkaline 
phosphatase imposed by androgen was not altered by simultaneous treat¬ 
ment with cortisone. 

c. Cholesterol esters: The Schultz technique, presumably revealing cho¬ 
lesterol or its esters, was postive in the adrenal cortices of all control rats. 

- ///// 

Figs. 1-7. Adrenals stained with Sudan black B from animals treated with various 
steroids for seven da 3 'S. X176. These figures are described in the te.\'t with other related 
data shown in tables as indicated below. Lipid content essentiallj’^ normal in Figures 1 
and 4 to 7. 

1. Control—no treatment (Table 3). 

2. Cortisone acetate onij' (Table 3). 

3. Cortisone+DCA (Table 3). 

4. Cortisone+17/3-methoxy-4-androsten-3-one (Tables 4 and 5). 

5. Cortisone+ 17o;-meth3d-5-androstene-3jS,17/J-diol (Table 3). 

6. Cortisone+Testosterone Propionate (Tables 4 and 5). 

7. Cortisone + 17a-meth3’l-5-aadrostene-3j3,17/S-dioH-DCA (Table 3). 
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pounds which did not antagonize cortisone tended to decrease adrenal 
weight when given alone in our short-term experiments (Table 4). It is of 
interest that the "blocking” of an active grouping at position 3 of the 
steroid molecule by making the 3-methyl ether of dehydroepiandrosterone 
(No. 20 of Table 4) completely eliminated its adrenal-maintaining ability. 
This chemical maneuver will be more enlightening when tried on other 
more active compounds because dehydroepiandrosterone (No. 15 of Table 
4) antagonized cortisone only weakly and by itself tended to be an adrenal 
inhibitor. The "blocking” of position 17 of testosterone by making its 17- 
methyl ether (No. 9 of Table 4), while greatly reducing its androgenic ac¬ 
tivity (Table 4 and unpublished observations), did not alter its ability to 
antagonize cortisone. 

Correlation with other Biological Properties 

No apparent correlation can be made between other biological properties 
of the steroids tested and their ability to prevent cortisone inhibition of 
the adrenals. Most of the compounds used were androgens. Some were 
strong, however, and some very weak as judged by their ability to stimu¬ 
late the seminal vesicle and not all of the androgens tried would maintain 
the adrenals. Furthermore, the positive effects of estradiol benzoate in 
small doses shows that the effect is not limited to the classical androgens. 
Most of the non-corticoids used inhibited testes but that was true to vari¬ 
able extents and it occurred whether or not the compounds maintained 
the adrenals. Likewise all of the compounds used tended to antagonize the 
body growth-inhibiting effects of cortisone irrespective of their effect on 
the adrenal. It is likely, therefore, that adrenal maintenance is a separable 
property of a large group of steroids which at the moment have no other 
obvious common feature. 

Growth 

It is a common clinical finding that the administration of androgens 
with cortisone prevents some of the catabolic effects of the cortisone (e.g. 
Kinsell, 1951; Clark, Manning and Appleton, 1951; Luft and Sjogren, 
1951). It is likely that the ability of testosterone and other steroids as seen 
here to prevent partially cortisone-induced growth inhibition is a mani¬ 
festation of what is usually called the anabolic action of steroids. If this 
be true, the animal whose growth is inhibited by cortisone might serve as 
an assay specimen for such anabolic steroids. In that case, however, it 
would have to be said the MAD is a weaker anabolic stimulant than TP 
when given in doses that are of approximately equal androgenicity. Before 
such conclusions are made, however, our observations would have to be 
correlated with nitrogen metabolism in pair-fed or force-fed animals anc 
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distinction made between weight increment due to salt and water reten¬ 
tion and tissue growth. In an}'- case it is of interest that growth in the cor¬ 
tisone-treated animal is maintained better by a combination of DCA and 
TP than by either substance alone. 

The growth-inhibiton and other toxic manifestations of cortisone or 
ACTH treatment have been in part antagonized by a variety of means 
such as liver therapy (Ershoff, 1951), aureomycin (Meites, 1952), potassium 
(Whitney and Bennett, 1952; Glafkides ei al, 1952) and fat (Kinsell et al., 
1951). Such results plus those of the type reported here with steroids indi¬ 
cate clearly that the continuing search for agents which ameloriate the 
unwanted effects of cortisone is worthwhile. 

SUMMARY 

1. A large number of steroids including methylandrostenediol and tes¬ 
tosterone propionate prevented the adrenal-inhibitng effect of cortisone 
in rats as judged by the maintenance of adrenal weight, general histological 
appearance and the amount and distribution of sudanophilic lipid. Most 
of the steroids tried which contained 19 or 20 carbon atoms were effective 
in preventing adrenal atrophy; C-21 steroids were either weak or inactive. 
Such results with TP and MAD confirm the findings of Winter et al. The 
effects were observed of several steroids in triplicate combinations and of a 
high salt diet in combination with DCA and cortisone. 

2. The majority of the compounds which prevented cortisone inhibition 
of the adrenals possessed some androgenic activity but their effectiveness 
was not correlated Avith their relative androgenicity and all androgenic 
compounds did not preA'ent adrenal atrophy. Estradiol in small doses also 
had to some degree the ability to antagonize the adi-enal-depressing effects 
of cortisone. 

3. Compounds Avhich were effective in preA'enting cortisone from caus¬ 
ing adrenal atrophy had little, if any, adrenal-stimulating effect when 
given alone. 

4. Cortisone was given in a dose of 1 mg. per day and most other ster¬ 
oids, either alone or in combination with cortisone, at a dose of 2 mg. per 
day. Preliminary experiments, howeA'er, suggested that methylandro- 
stendiol and presumably other steroids can prevent cortisone-induced 
adrenal atrophy at a much smaller daily dose than 2 mg. Avhen injected but 
that its effectiveness is reduced by oral administration. Estradiol benzoate 
had some activity in lOy doses. 

5. In hypophysectomized rats methylandrostenediol given alone par¬ 
tially prevented adrenal atrophy. When given AA'ith cortisone, relative 
but not absolute adrenal weights were enhanced. Cortisone alone increased 
the relative but not absolute adrenal AA'eight after hypophysectomy. The 
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conclusion is not yet warranted that the adrenal-maintaining ability of 
combinations of steroids is independent of the pituitary since a given treat¬ 
ment was found to be more effective in intact than in hypophysectomized 
animals. 

6. Cortisone depleted the sudanophilic lipids of the fasciculata and retic¬ 
ularis, an action which was blocked by methylandrostenediol, testoster¬ 
one propionate and 17/3-methoxy-4-androsten-3-one. The latter compounds 
were without effect on sudanophilia when given alone. Estradiol benzoate 
eliminated the sudanophobic zone of the male rat adrenal and partially 
inhibited the lipid-depleting effects of cortisone. More lipid was present 
in glands of animals treated with cortisone plus DCA than in those given 
cortisone only. A different pattern of results was obtained, however, 
when adrenals were stained by the Schultz technique for cholesterol or its 
esters, 

7. Testosterone propionate, DCA and most of the other steroids used, 
including estradiol benzoate, antagonized to some degree the body weight- 
inhibiting effects of cortisone whether or not they prevented adrenal 
atrophy. In some but not all groups, the animals on combined therapies 
ate more food than those on cortisone alone. 

8. The normal w^eight increment of the testes and the kidneys was in¬ 
hibited less by cortisone than that of the body as a whole, 

9. It is suggested that the ability to prevent cortisone inhibition of the 
adrenal defines a group of steroids without other conmion biological pro¬ 
perties, 

ADDENDUM 

Work completed since the foregoing was written has established the 
following: (1) Judged by its effects on adrenal weiglit and maintenance of 
sudanophilic lipids at low dosage (0.25 mg. per day) MAD is the most 
effective steroid in preventing adrenal ati’ophy of the several compounds 
which seemed equally active at high dosage (2 mg. per day) in Table 5. 
(2) The following were either Aveak or inactive at 2 mg. daily doses: 
progesterone, ethinyltestosterone, pregnenolone, 3 | 3 -methoxy- 5 -pregnen- 
20-one, and 4-androsten-3-one. The 3-methyl ethers of MAD and an- 
drostenediol were slightly less active than the latter compounds tliem- 
selves. Such results, together with those recorded in the above paper, show 
that some functional group at C-17, best exemplified by a /5-hydroxyl and 
probably enhanced by the presence of an a-methyl group, is necessary foi 
adrenal-maintaining activity. The weakness or inactiAuty of C-21 com¬ 
pounds is confirmed. Alterations in functional groups at C-3, or their 
absence, result in quantitative variations of, but not loss of, activity. (3) 
Further work with estradiol benzoate, a- and /3-estradiol and stilbestro 
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indicates that they exert only a weak and inconstant activity which unlike 
the more effective steroids is probabl}’’ due to their stress-like stimulation 
of the adrenal. 
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ANEMIA IN THE RABBIT DURING PREGNANCY AND 
FOLLOWING TREATMENT WITH WATER 
SOLUBLE OVARIAN EXTRACTS'-^ 

M. X. ZARROW AND I. G. ZARROW 

From the Department of Biological Sciences, Pttrdne University, Lafayette, Indiana 

A NEMIA of pregnancy lias been described in a number of widely diver- 
JLX. gent species of mammals. In general it has been concluded that this 
phenomenon is due to a hemodilution (Bond, 1948; Houssay, 1951), 
although the etiologic factors responsible for the anemia remain unknown. 
Some investigators still feel that the anemia may be due to nutritional de¬ 
ficiencies. Forman (1950) has reported excellent results in pregnant women 
with a molybdenum iron complex, which caused an increase in the hemo¬ 
globin and prevented the anemia of pregnaney. However the ivork of 
Mitchell and Miller (1931), Beard and Myers (1931) and Van Donk, Feld¬ 
man and Steenback (1934) on the rat, W'ould seem to indicate that this 
anemia is not due to a lack of nutritional factors. 

The ability of different hormones or the lack of these hormones to cause 
an anemia has been reported rather extensively. It has been shown that 
hypophysectomy, throidectomy or treatment with estrogens depress the 
number of circulating erj''throc 3 '-tes (see review^ by Gordon and Charipper, 
1947). Recently Witten and Bradbury (1951) reported a hemodilution and 
decrease in the red blood cell coutit in women after treatment Avith estro¬ 
gen. Studies in the rat indicate that the placenta is the source of the factor 
(or factors) responsible for the anemia of pregnane}'’ (New'comer, 1947), 
and that the anemia is due to a hemodilution (Bond, 1948). These results 
would tend to suggest that the estrogens, Avhich are present in increasing 
amounts during pregnancy, may be the etiologic agents. 

The present investigation was undertaken to elucidate the factors re¬ 
sponsible for the anemia of pregnancy. In the initial phase of this study, 
the normal pattern of pregnancy was followed by determining the changes 
in the water balance, the circulating erythrocytes, leucotyces, hemoglobin, 
hematocrit, non-protein nitrogen and chlorides of the blood and the uri¬ 
nary chorides. In the second part of this study the same determinations 

Received for publication December 12, 1952. 

1 This investigation was started at the Biological Laboratories, Harvard Universitj', 
Cambridge, JMass. 

2 Aided in part b}' grants from the Thompson Science Fund, Boston, Massachusetts 
and the Chilcott Laboratories, The Maltine Co., Morris Plains, New Jersey. 
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were made in rabbits during treatment with a water soluble extract of the 
ovary of pregnant sows. This preparation (relaxin) was tested in these ex¬ 
periments since previous work (Zarrow 1949) had shown that it possessed 
the ability to cause water retention and thus possibly produce a hemodilu- 
tion. 

MATERIAL AND METHODS 

Grey, chinchilla rabbits obtained from Rockland Farms were used in the present study. 
All animals were housed under normal conditions of constant temperature and humidity 
with free access to Purina rabbit chow, lettuce and water. During the course of the ex¬ 
periments some of the rabbits were placed in metabolism cages and daily measurements 
made on their water intake and urine output. Blood samples were obtained from the 
marginal vein of the ear at regular intervals of 5, 10, 15, 20, 25, and 30 days after mating 
and at 5 and 15 days after parturition. In the experiments involving treatment with 
ovarian extracts, blood samples were obtained every third day and a minimum of three 
control samples were obtained prior to mating or treatment. 

Total erythrocyte and leucocyte counts were carried out in duplicate and hemoglobin 
concentrations were determined in a Klett photoelectric colorimeter after dilution with 
0.1 N hydrochloric acid. Reticulocyte counts were made using brilliant cresyl blue and a 
minimum of 1,000 red blood cells were counted. Hematocrit determinations were carried 
out in Wintrobe tubes after centrifugation for 30 minutes at 2,500 R.P.M. Non-protein 
nitrogen determinations of the blood were made according to the micro-Kjeldahl method 
using sulfuric and phosphoric acid for digestion and determining the ammonia colori- 
metrically after direct Nesslerization (Hawk, Oser and Summerson, 1947). The serum 
chlorides were determined according to the method of Shales and Shales (1941) by titrat¬ 
ing with a standard mercuric nitrate solution and using diphenyl carbazone as an indi¬ 
cator. Urinary chlorides were determined as above except that the urine was first treated 
with norit and 10 per cent sodium nitro-prusside was used as the indicator. 

Several different relaxin preparations’ were used in this study as the source of the 
water soluble factor. In all instances the extract was obtained from the ovaries of preg¬ 
nant sows and purified for its relaxin content. Consequently the amount of ovarian 
ovarian extract used in these experiments is expressed in guinea pig units (GPU) of 
relaxin. 

OBSERVATIONS AND RESULTS 

Blood Constituents During Pregnancy 

Data on the hemoglobin and cellular elements of the blood of the normal, 
pregnant and post partum rabbit may be seen in Table 1. The normal rab¬ 
bits of this strain possess a red blood cell count of 5,950,000 per cmm. A 
highlj’-, significant decrease in the circulating erjdhrocytes is seen by the 
20th to the 25th day of pregnancy. The decline is progressive throughout 

’ Relaxin preparation P XXVII-5 was obtained through the courtesy of Dr. E. H. 
Frieden and several other relaxin preparations (Releasin) were obtained from Dr. Kroc, 
Chilcott Laboratories. Preparation J46 was prepared by one of us (MXZ) and has been 
used in other studies involving the action of relaxin (Zarrow and Money, 1948; Zarrow, 
1949). 
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Table 1. Changes in the cellular components and hemoglobin of the 

BLOOD OF THE RABBIT DURING PREGNANCY* 



Erythrocytes, 
million 
per cmm. 

Hb., 

Em.% 

Hematocrit, 

% 

Reticulo¬ 

cytes, 

% 

. Color 
index 

Days pregnant 

0 

5.95+0.0832 

11.9+0.22 

38.710.69 

2.1+0.24 

1.00* 

5 

5.85±0.085 

11.9+0.32 

39.010.87 

2.2 +0.36 

1.02 

10 

5.70+0.10 

11.8+0.28 

38.010.84 

2.6+0.35 

1.04 

15 

5.43+0.14 

11.710.21 

37.011.20 

3.9+0.42 

1.07 

20 

5.12±0.14 

11.3+0.22 

35.311.36 

6.8 + 1.03 

1.09 

25 

5.00+0.18 

10.8+0.31 

33.411.45 

3.8+0.72 

1.07 

30 

4.71±0.12 

9.9+0.34 

32.1 ±0.34 

2.410.43 

1.03 

Days post partum 
5 

5.09±0.18 

10.2 ±0.40 

33.210.40 

5.310.36 

1.00 

15 

5.81 ±0.088 

11.4+0.32 

34.311.01 

2.210.16 

1.01 


* Ten rabbits were use d and a to tal of 12 pregnancies studied. 
^ standard error = 


■V- 


N(N-l) 


5 gm. Hb/100 ml. pregnant rabbit blood RBC count of pregnant rabbit 
gm. Hb/100 ml. normal rabbit blood RBC count of normal rabbit 


gestation with a return to normal levels after parturition. As early as 5 
days postpartum the number of circulating red blood cells has returned .to 
the normal value. The average decline in erythrocytes is approximately 
of the order of 20 per cent. Along with the drop in red blood cells may be 
seen a concommitant decline in hemoglobin and hematocrit. All three ap¬ 
pear to parallel each other throughout gestation with the most rapid drop 
occurring between the 20th day and the termination of pregnancy. Com¬ 
plete recovery in the hemoglobin concentration may be noted by the 15th 
day after delivery. The color index also indicates the parallel nature of 
the changes in the red blood cell count and hemoglobin concentration. 
The hematocrit showed a drop of 17% by the 30th day of pregnancy and 
was still 11% below normal 15 days after parturition. 

A rise in reticulocytes may be seen by the 15th day of pregnancy with a 
peak on the 20th day. In spite of the increasing severity of the anemia 
the reticulocytes returned to normal just prior to partutition and showed a 
second rise on the 5th day postpartum. 

Determination of the non-protein nitrogen of the blood indicated a 
marked and progressive drop throughout the course of pregnancy. The 
first significant change was noted on the 20th day of pregnancy when the 
concentration decreased from a normal of 42.6 mg. % to 33.4 mg.%' The 
decline continued throughout pregnancy with partial recovery by the 5th 
day postpartum and a return to normal by the 15th day. Serum chlorides 
failed to indicate any significant changes during pregnancy or the post- 
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partum period. The urinary chlorides showed a steady decline in the rate 
of excretion throughout the course of pregnancy and a return to normal 
by the 5th day post partum (Table 2). However, it is difficult at this time 
to state whether the drop was significant due to the high standard errors 
obtained with the urinary chlorides. Figure 1 shows the entire sequence of 
events during pregnancy in a normal rabbit and indicates the correlation 
in time for changes in the various blood components. 



Fig. 1. Changes in the number of circulating erythrocytes, reticulocytes, hematocrit, 
hemoglobin concentration and non-protein nitrogen of the blood of Rabbit No. 5P during 
pregnancj'^ and following parturition. 

Analysis of the type of anemia present from data on several rabbits in¬ 
dicate that it was normoclrromic with a slight macrocytosis present. The 
mean corpuscular volume and mean corpuscular hemoglobin concentra¬ 
tion showed no marked changes. A slight microcjdosis occurred during re¬ 
covery in the postpartum period. 
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Table 2. Changes in the serum non-protein nitrogen and the serum 

AND URINARY CHLORIDES DURING PREGNANCY IN THE RABBIT' 



Serum, non-protein 
nitrogen, 
m.% 

Chlorides 

Serum, 

milli- 

equivalents 

Urine, 
gm. per 

24 hours 

Days pregnant 




0 

42.6+1 .72 

10511.1 

0.S67+0.177 

5 

44.5+1.7 

10411.3 

-- 

10 

42.411.5 

10411.1 

0.750+0.245 

15 

40.211.9 

10211.S 

-- 

20 

33.412.1 

10411.2 

0.020+0.34 

25 

32.611.6 

10411.1 

0.566+0.332 

30 

30.411.5 

10710.91 

0.47210.307 

Days post partum 




5 

37.011.4 

10511.2 

0.S31 +0.2S4 

15 

40.011.1 

10510.98 

0.90610.198 


' Eight rabbits were used and a total of 10 pregnancies studied. 


^ Standard error = \/ _ 

y N{N-i) 

Water Balance During Pregnancy 

The water intake and urine output was measured in a total of 18 preg¬ 
nancies involving 15 rabbits. Throughout this study the animals were kept 
in metabolism cages and received food and water ad libitum. No lettuce 



Fig. 2. Comparison of the urine output and water intake during pregnancy in rabbit 
No. 28. Both volume of urine and water are plotted as a per cent increase or decieasc 
from the pre-mated levels. The decrease in urine output preceded the slight change m 
water intake and was much more marked. 
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was permitted the animals during the course of these experiments. All 
of the animals went into a positive water balance during the 2nd half of 
pregnancy but the degree of antidiuresis varied with the individual. 

Figure 2 shows the data obtained on water balance studies during preg¬ 
nancy in rabbit No. 28. Both the water intake and the urine output are 
plotted as a percentage change from the average values obtained prior to 
mating. Thus it is possible to plot the data on the same ordinate and to 
make a direct comparison of water balance. It is obvious that while the 
urine dropped markedly, the per cent decrease in water intake was not as 
great. Actually rabbit No. 28 showed only a small drop in water intake. 
In other rabbits a more marked decrease in water intake was obtained but 
in all instances the urine retention appeared first and was much more 
marked, indicating a definite retention of water. 

Blood Constituents Following Treatment with Ovarian Extract 

Data on the hemoglobin, hematocrit and cellular elements in the blood 
of the rabbit during treatment with relaxin may be seen in Table 3. A 
total of 8 rabbits were injected with 250 G.P.U. of the ovarian extract 


Table 3. Changes in the cellular components and hemoglobin of the rabbit after 


TREATMENT 

WITH 250 G.P.U. OF relaxin, 

3 times daily for 12 dats 



Erythrocytes, 
million 
per cu. mm. 

Hemoglobin, 

Sm.% 

Hematocrit, 

% 

Reticulo¬ 

cytes, 

% 

Color 

index' 

Length of treatment 
days 

3 

6 

9 

12 






6.84+0.25' 
5.50±0.14 
5.31 ±0.21 
5.00±0.27 

4.66+0.28 

12.4+0.28 
11.1+0.25 
10.5+0.43 
9.4+0.34 
9.1 +0.25 

40±0.77 

38 + 1.5 
35±1.8 
32+1.0 
30±1.1 

2.8±0.43 
3.3±0.53 
4.5±0.96 
5.6 + 1.06 
5.9±1.03 

1.00 

0.94 

0.93 

0.89 

0.94 

Days after cessation 
of treatment 

3 

6 

9 

24-28 

5.04+0.42 
5.18 ±0.34 

5.80+0.29 

9.8+0.37 

10.3+0.36 

10.8±0.3S 

11.5+0.24 

32 + 1.4 

35 + 1.6 
36±1.4 
39+0.61 

7.3±0.62 
7.6+0.52 
5.5 + 1.77 
2.7±0.70 

0.92 

0.94 

0.93 


* gm. Hb./lOO ml. (treated rabbit blood) RBC count (treated rabbit) 
gm./Hb./lOO ml. (normal rabbit blood) RBC count (normal rabbit) 


’ Standard error = A /_ 

y N(N-l) 

(assaj^ed for its relaxin activity) three times daily for 12 days. The rabbits 
showed a normal erythrocyte count of 5,840,000 cells per cu.mm. Within six 
days after the start of treatment the count dropped to 5,310,000 and con¬ 
tinued to drop so that by the 12th day the count had fallen to 4,546,000, * 
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a decrease of 20.9%. A rise in tlie circulating red blood cells occurred 
within three days after the cessation of treatment with a return to the 
normal count by four weeks. A 25% drop in the hematocrit and 26.6% 
drop in the hemoglobin occurred concomitantly with the decrease in 
the circulating erythrocytes. The decline was progressive throughout the 
course of the treatment; the hemoglobin dropped from a normal of 12.4 
gm % to 9.1 gm % and the hematocrit from 40 to 30. In both instances a 
rise was observed by the 3rd day after the cessation of treatment and the 
levels were back to normal 24 days after treatment had stopped. 

The color index showed a slight but insignificant drop during treatment 
with the ovarian extract. In general, the color index indicated the parallel 
nature of the drop in hemoglobin concentration and circulating erythro- 
cjdes. The reticulocytes increased progressively throughout the course of 
treatment from a normal of 2.8% to 5.9%. During the first 6 days after 
cessation of treatment the reticuloc 5 ';tes continued to increase reaching an 
average concentration of 7.6%. Thereafter the number of cells declined to 
a normal level by the 24th day. 

Table 4 contains the data on the changes observed in the non-protein 
nitrogen of the blood and in the serum and urinary chlorides. The most 
significant changes were observed in the concentration of the non-protein 
nitrogen which dropped from a pretreatment level of 40 mg. per cent to 


Table 4. Changes in the non-pbotein nitrogen of the blood and in the 
BLOOD AND URINARY CHLORIDES AFTER TREATJIENT WITH 240 G.P.U. OF 
RELAXIN, 3 TIMES DAILY FOR 12 DAYS 



Non-protein 

nitrogen, 

mg.% 


Chlorides 


Serum, 

milli- 

equiyalents 

Urine, 
gm. per 

24 hours 

Treatment, days 

0 

40+2.8 

103+2.2 

0.689+0.079 

3 

34+2.9 

101 +3.0 

0.859+0.210 

6 

33+3.0 

104+2.1 

0.390+0.014 

9 

31 +2.1 

106+0.9 

0.417+0.06S 

12 . 

29 + 1.8 

107 + 1.2 

0.519+0.128 

Days after treatment 

3 

36+1.7 

104 + 2.2 

1.172+0.388 

6 

38+2.2 

105 + 1.4 

0.840 + 0.221 

9 

41+1.6 

104 + 2.2 

— 

28 

42 + 1.7 

101 +2.3 

0.669+0.073 


33 mg. per cent by the 6th day of treatment with the ovarian extract and 
to 29 mg.% by the 12th day. Within tlmee days after the cessation of 
treatment the nonprotein nitrogen rose to 36 mg. per cent and by 9 days 
had returned to normal. No particular^ significant changes were noted in 
the serum chlorides. Normal rabbits in this experiment had an average 
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serum chloride of 103 + 2.2 m. eq. which rose to 107 +1.2 m. eq. This slight 
increase is not significant though further studies are needed before an ef¬ 
fect on serum chlorides can be ruled out. Urinary chlorides were deter- 



Fig. 3. The effect of a water soluble 
ovarian extract (relaxin) on the non-pro¬ 
tein nitrogen, reticulocytes, hematocrit, 
hemoglobin, and erythrocytes of the blood 
of a normal rabbit. 

mined on a limited number of rabbits and the results were highly vari¬ 
able. The normal rabbits showed a urinarj'- chloride excretion of 0.68 
+ 0.079 gm. per 24 hours. This fell to 0.390 + 0.014 gm. per 24-hours 
after 6 daj^s of treatment with relaxin and then rose to 0.519 + 0.128 gm. 
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per 24-hours on the 12th day of treatment. On the third day after treat¬ 
ment the excretion rose to 1.172 + 0.338 gms. per 24-hours and then re¬ 
turned to normal by the 24th day. 

Rabbit No. IR was injected with 500 relaxin G.P.U. of ovarian extract 
three times daily for 14 da 3 '-s (Fig. 3) and showed the same pattern as 
noted for the lower dose except for a more acute response. This would tend 
to indicate that some t 3 ^pe of a dose-response relationship exists. A sharp, 
and parallel decline in the circulating erythrocytes, hemoglobin and hema¬ 
tocrit may be observed. The maximum response occurred on tlie lOtli da 3 ", 
although treatment was continued for 4 more days. Immediately upon the 
cessation of treatment all values began to return to normal. The nonpro¬ 
tein nitrogen showed a marked drop of 48%, i.e. from 39 gm. % to 20. The 
reticulocytes showed a marked increase on the 10th da 3 ^ of treatment and 
continued to rise in the post treatment period reaching a peak of 18% on 
the 4th day after treatment was stopped. 

It ma 3 '’ be noted that no marked changes occurred in either the mean, 
corpuscular hemoglobin or mean, corpusculr hemoglobin concentration. 
A slight drop in the mean corpuscular volume occurred but this was onl 3 ^ 
of the order of 5% and its significance is highty questionable. It would ap¬ 
pear that the anemia produced by the ovarian extract is both normo¬ 
chromic and normocytic. 

Water Balance During Treatment With the Ovarian Extract 

Figure 4 shows the results obtained on the water intake and urine out¬ 
put following treatment with 500 G.P.U. relaxin (ovarian extract) for 12 
days. The data are expressed as a per cent change from the pretreatment 
levels and are plotted on the same ordinates. It is obvious from the re¬ 
sults that, while both the water intake and urine output drop, the decrease 
is much more marked with regard to the urine. Furthermore, the decrease 
in urine output occurred several days prior to the decrease in water in¬ 
take. Hence the initial effect of the extract on the water balance would ap¬ 
pear to be a water retention. 


DISCUSSION 

It is apparent from these results that the rabbit in common with several 
other species develops an anemia during pregnancy. The er 3 '’throc 3 des de¬ 
creased from an average of 5.95 + 0.083 million per cu. mm. to 4.71 + 0.12 
million per cu. mm. This is a 20% drop in the circulating eiythrocytes 
which is paralleled by a concomitant drop in hemoglobin (16.7%) and 
hematocrit (17%). The anemia is normochromic with a slight tendency 
toward macrocytosis. The parallel nature of the decrease in er 3 '’throcytes 
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Fig. 4. Changes in water intake and urine output in Rabbit No. 94 after treatment 
with a water soluble extract of the ovary of the pregnant sow. The data are plotted as a 
per cent change from the pretreatment levels and indicate a decrease in both water in¬ 
take and urine output. However the decrease in urine is more marked and occurs first 
indicating a water retention. 

and hemoglobin is also indicated by a lack of change in color index during 
pregnancy. The reticulocytes increased from a normal of 2.1% to 6.8% 
on the 20th day of pregnancy and then fell in spite of the increasing se¬ 
verity of the anemia. A second peak in reticulocytes was seen during the 
recovering phase i.e. on the 5th day after delivery. No significant changes 
were noted in the white blood cell count or differential. 

Treatment with the ovarian extract (250 G.P.U.) for 6 and 12 days in¬ 
duced changes of the same order of magnitude as seen during pregnancy. 
The 6-day treatment caused a 25.8% drop in the nonprotein nitrogen, 
16.9% drop in the erythrocytes and a 21.9% drop in the hematocrit. 
Treatment for 12 days with the same dose caused a drop of 29.6% in the 
erythrocytes, 23.1 in the hemoglobin and 24.4 in the hematocrit. Doubling 
the dose of the ovarian extract increased the severity of the anemia, re¬ 
sulting in a 36.7% drop in the erythrocytes, 36.1% in hemoglobin and 
33.9% in hematocrit. 

It is of interest to note that the ovarian extract was able to produce a 
ch-op in the nonprotein nitrogen of the blood. The decrease was approxi¬ 
mately of the same order of magnitude as seen during pregnancy i.e. a 
29.5% drop during pregnancy and a 25.8 to 36.7% drop following treat¬ 
ment with the ovarian extract. While disturbances in protein metabolism 
during pregnancy have been observed by others (Lindeboom, 1948; 
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Hamilton and Higgins, 1949), it is intriguing to note that the ovarian ex¬ 
tract was not only able to produce an anemia but also produce a drop in 
the nonprotein nitrogen of the blood. 

The present results indicate that during pregnancy there is a disturbed 
water balance. In spite of the decreased water intake in some rabbits, all 
of them showed some degree of water retention during the final trimester 
of gestation. Such a condition has been described for women (Chesley, 
1944) with an indication of changes in the ratio of extra vascular fluid volume 
and plasma volume (Caton, Roby, Reid and Gibson, 1949). Recently van 
Dyke (1960) has questioned the antidiuretic action of the ovarian extract 
used in this study (Zarrow, 1949) on the grounds that the antidiuretic re¬ 
sponse was the result of a reduced water intake. While a reduced water in¬ 
take is apparent during pregnancy and also during treatment with the 
ovarian extract, nevertheless the reduction in urine is far greater, resulting 
in a marked water retention. Furthermore the decrease in urine output 
consistently preceded tlie drop in water intake. This is apparent in Fig¬ 
ures 2 and 4 which show the per cent change in the urine and water. The 
ability of the ovarian extract to produce an anemia, a drop in nonprotein 
nitrogen, and a positive water balance plus the similarity in the pregnancy- 
anemia and the extract-induced-anemia would tend to identify this ovarian 
extract as the possible etiologic factor. 

Though relaxin preparations were used in this investigation as the 
ovarian extract it is apparent that the anemia-inducing effect is not due to 
relaxin. A number of highlj^ purified preparations of relaxin failed to 
show any water retention or anemia-inducing action. Recently Frieden 
and Hisaw (1950) suggested that relaxin may exist as a complex molecule 
which retains different physiological activities after splitting. Further 
work is needed along these lines especially in the purification of the differ¬ 
ent water soluble factors. 

SUMMARY AND CONCLUSIONS 

Studies were made on the erythrocyte count, leucocyte count, differ¬ 
ential count, reticulocytes, hemoglobin concentration, non-protein nitro¬ 
gen, blood and urine chlorides and water balance of the grej'’ chinchilla 
rabbit throughout pregnancy and after treatment with water soluble ex¬ 
tracts of the ovary. During pregnancy the rabbits developed a normo¬ 
chromic, slightly macrocytic type of anemia, with a 20% drop in erythro¬ 
cytes a 16.7% drop in hemoglobin and a 17% drop in hematocrit. The 
reticulocytes showed a sharp peak on the 20th day of pregnancj'' in spite 
of the increasing severity of the anemia. With the onset of the anemia, tlie 
rabbits developed a definite water retention. The non-protein nitrogen of 
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the blood fell during pregnancy and recovered shortly after parturition. 
The chloride secretion in the urine dropped though no marked changes 
were noted in the blood chlorides. It may be concluded that the rabbit 
develops an anemia of pregnancy concomitant with a water retention. 

Treatment with the ovarian extract produced a definite retention of 
water and an anemia similar to that noted during pregnancy. The minimal 
dose used in these studies produced a drop of 21% in the circulating ersdh- 
rocytes, a 23% drop in the hemoglobin, a 24% drop in the hemocrit, and 
a 30% drop in the nonprotein nitrogen of the blood. The animals showed a 
marked reticulocytosis and a tendency to chloride retention. Treatment 
with twice the above amount of ovarian extract, produced a more severe 
anemia and a greater drop in the nonprotein nitrogen of the blood. Both 
doses induced a positive water balance with a definite retention of water 
in spite of a slight decrease in water intake. No marked changes appeared 
in the serum chlorides. It is suggested that the anemia may be caused by a 
hemodilution due to an action of the water soluble extract of the ovary 
and that the anemia-inducing action of the ovarian extract is not due to 
relaxin. 
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PITUICYTES AND THE ORIGIN OF THE 
ANTIDIURETIC HORMONE' 

THEODORE E. LEVEQUE and ERNST SCHARRER 

From the Department of Anatomy, University of Colorado School of Medicine, 

Denver, Colorado 

INTRODUCTION 

T he question of the secretoiy activity of tlie tissue elements in the 
pars nervosa and more specifically of the pituicytes has been treated 
by most authors (Piclcford, 1945; O’Connor, 1947; Harris, 1948; Collin 
and Stutinsky, 1949) as an open one, since the cells of the neurohypopli- 
ysis do not possess cytological characteristics peculiar to gland cells, 
and since past attempts to link the production of posterior lobe hormones 
to microscopically visible changes in the pituic 5 des had failed. Gersh 
(1938, 1939) and Gersh and Brooks (1941), for instance, believed that they 
had shown a relationship between the state of dely'-dration of their experi¬ 
mental animals and the presence in the pituicytes of granules which they 
could stain with osmic acid. However, Hickey, Hare and Hare (1941), 
De Robertis and Primavesi (1942), and Desclin (1947) were unable to con¬ 
firm these findings. The observations of Wang (1938) which have been fre¬ 
quently cited as supporting the concept of a secretoiy function of the pi¬ 
tuicytes were based on sections stamed with the Hortega method which is 
not suitable for the studj" of the cytology of secretion. 

A new approach to this problem was suggested by the work of Barg- 
mann (1949 a,b), Bargmann and Hild (1949), Bargmann, Hild, Ortmann, 
and Schiebler (1950), Ortmann (1950, 1951), Hild (1951 a,b; 1952), 
Kratzsch (1951), Hild and Zetler (1951 a,b; 1952 a,b; 1953 a,b) who 
demonstrated by histological and experimental methods the presence in 
the neurohypophj’-sis of material wdiicli can be selective!}'’ stained with 
chrome-alum hematoxylin and which is invariably associated with the 
vasopressor, antidiuretic, and oxytocic hormones. If, as Ranson and his co- 
ivorkers believed (Fisher, Ingram and Ranson, 1938; Ranson, Fisher and 
Ingram, 1938; Magoun, Fisher and Ranson, 1939; Ranson and Magoiin, 
1939), the pituicytes are concerned with the elaboration of the posterior 
lobe hormones, these elements should be implicated in the production of 
the stainable material. This question has been answered b}^ Ortmann (1950, 

Received for publication December 18, 1952. 

^ This work was done under contract No. N6onr-231 between the Office of Naval lie- 
search and the University of Colorado. 
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1951), Hild (1951 a,b; 1952) and Kratzsch (1951) who found no e^ddence 
to indicate that the pituicytes produce the stainable substance wdth which 
the posterior lobe hormones are associated. 

However, Pickford (1952) as well as tlie investigators who participated 
in a meeting of the Society for Endocrinology devoted to the “Posterior 
Pituitary Gland” (Lancet, July 5, 1952, pp. 22-23) do not refer to the evi¬ 
dence offered by Ortmann, Hild and Kratzsch, but continue to base their 
conclusions on the hypothesis of Hanson. 

Although we feel that the data presented by Ortmann, Hild and 
IH-atzsch are valid, we restudied the problem in rats which had been sub¬ 
jected to dehydration both by withholding of drinking water, and by ad¬ 
ministration of a salt load. Under such conditions the demand for the an¬ 
tidiuretic hormone is greatly increased, since the animals rapidly use it 
up in an effort to conserve water (Gilman and Goodman, 1937). The pi¬ 
tuicytes, if they have a secretory function, should consequently be at the 
height of- their activity in animals whose store of antidiuretic hormone has 
been depleted by dehydration. In addition, the pituicytes should be more 
clearly visible in the neurohypophyses of dehydrated animals since the 
pars nervosa of animals, so treated shows a marked depletion of the stain- 
able material. Any sign of secretory activity on the part of the cells 
should consequently be easily discernible. 

MATERIAL AND METHODS 

White rats of the Sprague-Dawley and University of Denver Strains were dehydrated 
in one of two ways; Some received no drinking water for periods up to 13 days, others 
were given a 2.5% solution of sodium chloride instead of drinking water for 13 days. The 
period of dehydration by administration of salt had been previously determined in sev¬ 
eral animals as one resulting in maximum depletion of stainable material in the posterior 
pituitary. Eollowing the period of dehydration, the animals were given free access to tap 
water and then sacrificed at regular intervals. 

It is important, as Rothballer (1952) has shown, that the rats be killed without allow¬ 
ing them to become unduly excited. Unspecific stress such as that brought about bj^ pro¬ 
longed handling or the prick of a hypodermic needle in the administration of an 
anesthetic leads to the release of antidiuretic hormone within a few minutes. Therefore, 
the rats were taken from their cages and immediately transferred to a jar containing 
chloroform. 

Fixation of the tissues was accomplished b 5 ’- perfusion through the heart with Zenker- 
Formol. The pituitaries were embedded in paraffin, sectioned at 5 micra, and stained 
with Gomori’s chrome-alum heniatoxjdin phlo.xin (Gomori, 1941; Bargmann, 1949 a,b), 

EXPERIMENTS AND OBSERVATIONS 

The need for water conservation by the “intact” organism, which occurs 
in water deprivation, is a stimulus for the release of the antidiuretic hor¬ 
mone (Gilman and Goodman, 1937). In deh 3 ’^drated animals, the amount 
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of antidiuretic hormone in the posterior lobe is consequently reduced 
(Hild and Zetler, 1952 b). Histologically, this reduction of hormone con¬ 
tent expresses itself in the disappearance of a substance which stains selec¬ 
tively blue with Gomori’s chrome hematoxylin-phloxin (Figs. 1 and 2) and 
to which the antidiuretic hormone is closely bound (Ortmann, 1951; 



Fig. 1. Pituitary of a normal rat. The pars nervosa is filled with material staining 
deep blue. Zenker-formol, paraffin, 5/a, Gomori’s chrome hematox 3 din phloxin method, 
photomicrograph. X60. 

Fig. 2. Pituitary of a rat delij^drated by the ingestion of 2.5% sodium chloride solu¬ 
tion for 13 days. The pars nervosa is depleted of stainable material. Technique and 
magnification as in Figure 1. 

Hild and Zetler, 1952 b). The extent to which hormone content and stain- 
able material are reduced is directly related to the severity of the deh 3 ’-dra- 
tion. Animals with maximal reduction of hormone content of the posterior 
lobe show a nearly complete depletion of the stainable substance. When, 
after reaching this stage, animals are again given drinking water, tlie 
stainable material reappears in the posterior pituitary (Figs. 3 to 5). If 
the pituicytes are concerned with the elaboration of this material, it should 
first become visible in these cells. 

1. Animals deprived of drinking water 

a. Six female Sprague-Dawley rats, 4 months old litter mates, were 

Fig. 3. Pars nervosa of a rat depleted of stainable material after 13 daj^s of ingestion 
of a 2.5% solution of sodium chloride. Vascular perfusion with Zenker-formol, paraffin, 
5p, Gomori’s chrome hematoxjdine phloxine, photomicrograph. XIOO. 

Fig. 4. Re-accumulation of stainable material in the pars nervosa of a rat which was 
allowed to drink tap water for 2 daj'^s following 13 da 3 "s of deh 3 ’^dration (2.5% NaCI). 
Technique and magnification as in Figure 3. 

Fig. 5. Further re-accumulation of stainable material in the pars nervosa of a rat 
which was allowed to drink tap water for 4 days following 13 da 3 ^s of delu^dration 
(2.5% NaCl). Technique and magnification as in Figure 3. 
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kept without drinking water for 6 days in July. One animal was sacrificed 
on the sixth day, the others were given free access to water and were killed 
2, 3, 4, 5, and 7 days after the termination of the thirst period. 

b. Six female Sprague-Dawley rats of about the same age, but not litter 
mates, were deprived of water for 13 days in August. Two animals died 
on the 13th day, a third was killed. Th6 survivors were given water and 
were then fixed by perfusion with Zenker-formol 1 and 2 days after they 
had again received drinking water. The sixth rat did not recover and died. 

c. Nine female rats of the University of Denver strain which were of 
about the same age but not litter mates, were deprived of drinking water 
for 9 days in September. Only three animals survived, of which 2 were 
killed one and tw^o days after having been given water to drink. 

As previously reported (Scharrer, 1952), in none of these animals did the 
pituicytes in sections stained wdth the Gomori technique show the faintest 
granule. The stainable substance did reappear in animals who received 
drinking water after a period of thirst, but there was no sign that the pi¬ 
tuicytes produced it. 

We have observed, however, that dehydration produced by the with¬ 
holding of drinking water is not as suitable a method of depleting the 
posterior pituitary of its antidiuretic hormone and stainable substance 
as that produced by the administration of hypertonic saline. During pro¬ 
longed thirst, the animals refuse to eat and their eyes, nose, and paws be¬ 
come hemorrhagic. There is also much variation in the tolerance of indi¬ 
vidual animals to the experimental procedure depending upon the moisture 
content of the air, the climate, and the time of the year at wdiich the ani¬ 
mals are subjected to dehydration. Thus, the degree of depletion of the 
pars nervosa cannot be gaged as accurately in thirsted animals as in those 
which are given salt solutions of knowm concentrations. In' the latter 
method of depletion the rats continue to eat, although they may do so to a 
lesser degree, and they show fewer signs of acute distress during an experi¬ 
mental period of 13 days. Except for very isolated cases, the depletion of 
the posterior pituitary can be accomplished without the loss of any experi¬ 
mental animals. Consequently, the followung sets of experiments were 
carried out. 

2. Animals given a 2.5% solution of sodium chloride instead of drinking 
water 

a. Five young adult rats, litter mates, of the Sprague-Dawlej'' strain 
were used in order to substantiate further earlier findings which indicated 
that after 13 days of administration of a 2.5% solution of sodium chloride 
the depletion of the substance stainable wdth chrome-alum hematoxylin 
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is usually complete. A study of microscopic sections of the pituitaries of 
these animals revealed no sign of activity on the part of the pituicytes." 

b. Six adult rats, litter mates, of the Sprague-Dawley strain were sub¬ 
jected to saline dehydration for a period of 13 days after which time they 
were again allowed tap water. One rat was saci'ificed on the first day, 2 
rats on the second day, 2 on the third day, and 1 on the fourth day follow¬ 
ing reinstitution of tap water in the diet. 

c. Eight adult rats, litter mates, of the Sprague-Dawley strain were 
subjected to the same experimental procedure as described in 2b. Two rats 
were perfused with Zenker-formol on the fourth day, 2 on the fifth day, 2 
on the sixth day, and 2 on the ninth day following the period of dehydra¬ 
tion. 

Upon substitution of water for the hypertonic saline a progressive re¬ 
accumulation of secretory material was noted in the pars nervosa (Figs. 
3 to 5). The first few days following the period of dehydration might be 
considered crucial with respect to the activity of the pituicytes. At no 
time were intracellular granules stainable with Gomori’s chrome hema- 
toxsdin seen in any of these cells (Fig, 6). Rather, the stainable material 



Fig. 6. Cells of the pars nervosa of a rat which had been kept without drinking water 
for 9 days. There is no indication that these cells elaborate any material stainable with 
chrome heraato.vylin. Vascular perfusion with Zenker-formol, paraffin, 5p, Gomori's 
chrome hematoxylin phloxin. XllOO. 


= Chambers (1945), Selye (1950), Ortmann (1951) and Hild (1951 a) have reported the 
occurrence of numerous mitoses in the neural lobes of dehydrated rats and frogs. The 
significance of these mitoses is not clear. They do not occur in water starved dogs 
(Personal communication of Dr. W. Hild). 
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can first be seen to accumulate in the perivascular areas which Vazquez- 
Lopez (1942) described as clear spaces and in which the fibers of the hypo- 
thalamo-hypophysial tract terminate. 

DISCUSSION 

The explanation of the mechanisms operating in the clinical entity 
known as diabetes insipidus proposed by Ranson and his coworkers is 
based in part on the presumed innervation of pituicytes by nerve fibers 
derived from hypothalamic nuclei, and in part on the premise that tlie 
pituicytes elaborate the pharmaco-djmamic factors obtainable from the 
neurohypophysis. This interpretation is still held bj’- many workers in the 
field (Holzer and Holsclier, 1949; Noble, Plunkett and Taylor, 1950; 
Harris, 1951; Pickford, 1952), although there is ample evidence to the 
effect that the hormones of the posterior lobe are the products of neuro¬ 
secretory cells in the hypothalamus. We feel, therefore, that a clarification 
of the role of the tissue elements in the elaboration of the hormones at¬ 
tributed to this part of the pituitary is of importance. 

Ranson and his coworkers believed that the cells producing the antidi¬ 
uretic hormone could no longer function when deprived of nervous im¬ 
pulses originating in the nucleus supraopticus and probably also in tlie 
nucleus paraventricularis. Hou^ever, Gagel and Mahonej'- (1936), hlahoney 
and Sheehan (1936), and Keller (1942) showed that diabetes insipidus 
does not necessarily result from interruption of the tractus supraoptico- 
hypophyseus. According to these authors, only lesions in the immediate 
vicinity of the supraoptic nucleus, cause permanent diuresis; section of the 
pituitary stalk halfway between hypothalamus and pituitaiy are not fol¬ 
lowed by more than a temporary disturbance of the excretion of water. 
Another aspect concerns the observation of Rasmussen (1938) who pointed 
out that there are many more fibers in the tractus supraoptico-hypophys- 
eus than would be necessary to innervate the cells of the neurohypophy¬ 
sis. Furthermore, only some of the investigators were able to demonstrate 
actual contact between nerve fibers and pituicytes (Brooks and Gersli, 
1938; Roussy and Mosinger, 1940; Tavares de Sousa, 1943; Romieu and 
Stahl, 1950). Others state that the pituicytes do not receive nerve termi¬ 
nals from the tractus supraoptico-hypophyseus (Hair, 1938; Rasmussen, 
1938; Romeis, 1940; Vazquez-Lopez, 1942; Green 1948). Actual^, Faz- 
quez-Lopez (1942), Hagen (1950) and Stotler (1952) have shown that 
many fibers end at the blood vessels of the posterior pituitaiy. These 
fibers do not innervate the vessels, but store neurosecretory material 
which contains the posterior lobe hormones (Bodian, 1951; Hild, 1952). 
Consequently, there is little if any basis for the assumption that the pitui- 
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cytes are stimulated by nervous impulses originating in the nucleus supra- 
opticus or paraventricularis and that such stimulation causes the pitui- 
cytes to produce the posterior,lobe hormones. 

As to the second premise of Ranson, little attention had been paid in the 
past to the pars nervosa as a possible site of secretory activity, especially 
since Herring (1908) had presumably established that the hormones found 
in the posterior pituitary are secreted by cells of the pars intermedia which 
migrate into the pars nervosa. Cushing (1933, p. 541) emphatically stated, 
that "it is scarcely conceivable that the neural core of the lobe is capable 
independently of elaborating a hormone’' and subscribed to the theory that 
the active principles found in the posterior pituitary are derived from the 
investing pars intermedia. On the other hand, Biggart (1935, 1936) pre¬ 
ferred the cells of the pars tuberalis as the site of hormone production. 
Recently, Buchner (1950) revived the views of Herring and Cushing and 
combined them with the theory of Ranson, by suggesting that the baso¬ 
phils of the pars intermedia migrate into the neurohypophysis and become 
subject to the nervous control of the nucleus supraopticus via the tractus 
supraoptico-hypophyseus. Viewed in this way the function of the posterior 
lobe of the pituitary becomes indeed “one of the most difficult problems of 
the biology of the endocrine system” (Buchner, p. 414). It was not until 
Bucy (1930, 1932) singled out the glia cells in the ox pituitary by giving 
them a special name ("pituicytes”) that the possibility of a secretory ac¬ 
tivity of the tissue elements of the pars nervosa was given serious consid¬ 
eration. According to Vazquez-Lopez (1942) and Collin and Stutinsky 
(1949) the term "pituicyte” is, however, not justified. It is only in the ox 
pituitary which Bucy happened to study, that these cells differ somewhat 
in their shape from astrocytes or oligodendroglia. In the horse Vazquez- 
Lopez found no features that would distinguish the glia cells of the neuro¬ 
hypophysis from those of other parts of the central nervous system. The 
same seems to hold true for the cat and the dog (Sanz Ibanez, 1934). Spatz 
(1951) considers the "pituicytes” as incompletely differentiated glia cells. 
On the other hand, Shanklin (1944) states the following with respect to the 
pituitary of the pig; "There is a marked similarity between the developing 
stages of the pituicytes and astrocytes. Each originates from supportive 
spongioblasts and may pass through bipolar, unipolar and multipolar 
stages. Like astrocytes they have vascular processes and foot plates. Pi- 
tuicjdes differ from astrocytes, oligodendroglia and microglia for they have 
many connections between one another whereas the others do not.” In 
the human neurohypophysis various types of pituicjdes have been de¬ 
scribed (Romeis, 1940). 

However, the question of the shape of these cells has little if anj" rela- 
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tionship to the problem under discussion here. Even if a type of glia cell 
of the kind described by Bucy were to occur generallj'-in the mammalian 
neurohypophysis, it has never been made clear why a secretory function 
should be attributed to these cells. The possibility that glia elements in 



Fig. 7. Diagrammatic representation of two concepts concerning the site of origin 
and the mode of release of the posterior lobe hormones. A. The currentb’’ held view, based 
mainlj’^ on the investigations of Ranson and his coworkers, assumes that cells in the 
neurohypophysis elaborate and release the posterior lobe hormones under nervous con¬ 
trol exerted b}"^ hj'-pothalamic nuclei. B. Newer evidence indicates that the posterior lobe 
hormones are associated with the neurosecretory material produced bj”^ nerve cells in the 
h 3 ’-pothalamus; this material passes along the nerve fibers into the neurohj^pophysis 
where it is stored until released into the circulation. 

general are potential sources of hormones cannot be excluded (Achhearro, 
1913; Griffith, 1940), but at present no experimental evidence is available in 
support of such a hj'-pothesis. In the particular case of the cells of the neuro¬ 
hypophysis, our findings in addition to those of Hild, Ortmann and 
Kratzsch would seem to constitute convincing evidence to show that these 
cells do not produce the hormones obtainable from the posterior lobe. 

Since, then, it can no longer be maintained that the supraoptic and para- 
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ventricular nuclei innervate hormone-producing cells in the neurohypoph¬ 
ysis, the theory of Ranson should be replaced the concept of the 
neurosecretory origin of the posterior lobe hormones (Fig. 7). According 
to this concept the nerve cells of the supraoptic and paraventricular nuclei 
produce the posterior IoIdb hormones which pass along the fibers of the 
tractus supraoptico-hypoph 3 ’^seus to attain the neurohj^pophj'^sis. Thej'^ are 
stored there in the nerve terminals^ from which they are released into the 
blood vessels. 


SUMMART 

The role of the pars nervosa of the pituitary, and more specifically of the 
pituicjdes in the secretion of the antidiuretic hormone, was reexamined. 

The antidiuretic hormone occurs in the supraoptic and paraventricular 
nuclei of the hypothalamus, in the fibers of the tractus supraopticohypo- 
phj^seus, and in the neurohypophj^sis in association with material which 
stains selectively with Gomori’s chrome hematoxylin phloxin method 
(Hild and Zetler, 1951 a,b; 1952 a,b; 1953 a,b). If the pituicytes play a 
role in the elaboration of the antidiuretic hormone, they should be active 
in secreting this stainable material in animals which had been dehj’-drated 
both bj'- the withholding of drinking water and by the administration of 
sodium chloride of known concentrations. It was found, however, that the 
pituicytes have no part in the elaboration of the stainable material and 
consequently of the antidiuretic hormone. 

A critical analysis of the evidence on which Ranson’s theory of the func¬ 
tion of the posterior pituitar 5 '’ was based, leads one to the conclusion that 
this theorj’’ should be abandoned in favor of the concept of the neurosecre- 
torj'’ origin of the antidiuretic hormone. 
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THE IN VIVO METABOLISM OF CORTISONE' 
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Boston, Massachusetts 

T he application of paper chromatography and'infra-red spectrometry 
has permitted the isolation and identification of the major C-21 and 
C-19 metabolites excreted in urine, following the administration of ad- 
renosterone (Savard et al., 1953) hydrocortisone and 21-desoxycortisone 
(Burstein et al., 1953). It has been shown that the C-21 steroids are re¬ 
duced in the human body to the pregnane (5/3) and transformed to the 
corresponding C-19 etiocholane (5/3) derivatives. On the other hand, the 
A^-3 keto system in adrenosterone is converted predominantly into deriva¬ 
tives of the androstane (5a) series, Avhich indicates that the ethyl side 
chain in position 17 of these steroids appears to direct the reduction of the 
double bond to the 5/3 form in vivo. 

The in vivo metabolism of cortisone has been described by Dobriner et 
al. (1950, 1951) and Lieberman et al. (1951). However, no details were 
given as to the relative quantities of the metabolites excreted. 

In view of the importance of cortisone in endocrinological research and 
in therapeutics, the study of the metabolism of orally administered corti¬ 
sone acetate to a normal man has been undertaken. The present paper 
demonstrates the conversion of cortisone: 1) to pregnane-3a,17a,21-triol- 
11,20-dione and pregnane-3a,ll/3,17a,21-tetrol-20-one; 2) to hydrocorti¬ 
sone, and 3) to 17-ketosteroids of the etiocholane (5/3) configuration bear¬ 
ing an oxygen function at carbon 11. 

METHODS 

A 26 year old male patient who had been successfullj^ treated for hepatitis 4 months 
previously was used in this study when his clinical picture was normal.^ An oral dose of 
500 mg. of cortisone acetate^ was administered daily for 5 days. 

Received for publication December 22, 1952. 

1 Supported in part bj"- Contracts No. DA-49-007-MD-1S4 and No. DA-49-007-MD- 
135 (administered by Dr, G. W. Thorn, Harvard University) Medical Research and 
Development Board, Office of the Surgeon General, Department of the Army, and in part 
bj' U. S. Public Health Service Grants G-3247(C1) and A-19(C2) (administered by 
Dr. G. W. Thorn). 

2 We are indebted to Dr. G. W. Thorn for the clinical aspects of this study. 

^ The cortisone acetate was generousl}'’ supplied to Dr. G. W. Thorn for this study by 
Merck & Company, Rahway, New Jersey. 
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Steroid isolations were performed on a urine sample which represented 1.8 gm. of the 
administered cortisone acetate. A 24-hour urine collection just prior to the cortisone 
treatment served as a control. The steroid conjugates were h 3 '^drol 3 'zed, and the ketonic 
extracts chromatographed on paper in the manner previousl 3 ^ described (Burstein et al., 
1953). The isolated steroids were identified b 3 '’ chromatographic mobilit 3 ^ on paper, melt¬ 
ing points, and infra-red anal 3 'ses. We are indebted to Dr. Harris Rosenkrantz for the 
valuable interpretation of the infra-red spectra. The melting points were determined b 3 ' 
the Kofler Micro Hot Stage melting point apparatus, and are recorded uncorrected. 

EXPEMMENTAIi AND RESULTS 

Control Urine: Th,e corticosteroid fraction (which stayed at the starting 
line following chromatography in the toluene-propylene glycol (T.-P.G.) 
system for 4 hours) of the ketonic material of the 24 hour control urine 
contained 1.2 mg. of formaldehydogenic steroid. The quantities of the 
l7-ketosteroids contained in the zones having the mobility of the order of 
11/3-hydroxyandrosterone (0.6 mg.) and etiocholane-3a-ol-ll,17-dione 
(0.5 mg.) were insufficient for crystallization and infra-red spectrometrjL 
No etiocholane-3o:,ll/3-diol-17-one was detected. Etiocholane-3Q:-ol-17-one 
(5.2 mg.) and androsterone (3 mg.) were isolated in crude form and identi¬ 
fied by their infra-red'spectra. 

Cortisone administration urine: The results obtained with the cortisone 
urine are listed in Table 1. In the ring A saturated corticosteroid fraction, 
which was rechromatographed in a chloroform-formamide system (Schin¬ 
dler and Reichstein, 1951), pregnane-3&,llj3,17a',21-tetrol-20-one and preg- 


Tablb 1. Isolation of steroids from cortisone urine 


Chrom. 

Sj’stcm 

Hrs. 

Location of 
zone: dist. 

Weight of 
isolated steroid 

! Compountl 

1 

1 

1 Identifying characteristics 

zone 

from start¬ 
ing line cm. 

Crude, 

; mg. 

Crystal, 

mg. 

l-I 1 

1 

Ch.-F.* 

12 

5.5- 8.5 

1 4.6 

1 


P/egnane-3a,llj3,l7o,21-tetrol- 

20-onc 

, Mobility! 

l-I 1 
acet- ' 

L.-P.G.t 

52 

3.2- 5.8 

2.0 

1.0 

Prcgnane^o,llp,17o,21-tetrol- 
20-one-3a,21-diacetate 

, M.P. 208-215“; Mobility;Infra-red 
spectrum 

l-II 

Ch.-F. 

12 

12.5-17.2 1 

44 

18 

Pregnane^,17o,2l-triol-l 1,20- 
dione 

, M.P. 194-198®; Infra-red spectrum 

l-III 

T.-P.G .t 

72 

5.0- 8.1 

5 ' 


Hydrocortisone 

Mobility; Infra-red spectrum 

VI' . * t. . . 4 . « 

1-IV 

T.-P.G, 

72 

9.0-12.0 

l.l 


Unknown 

l-V 

T.-P.G. 

72 

13.2-16.0 

2.1 ■ 


Cortisone ' 

■r . 

1-\T 

T.-P.G. 

72 

23.0-27.0 

0.7 


Unknown 


2-1 

2-II 

L.-P.G. 

96 

1.5- 3.0 

11.3 

4.3 

Etiocholane-3a,ll0-diol-17-one 

M.P. 232-36®; Infra-red spectrum 

L.-P.G. 

72 

0.0-12.0 

9.0 

3.2 

Etiocholan3-3«,ol-l 1,17-dione 

M.P. 180-82®; Infra-red spectrum 

3-1 

L.-P.G. 

24 

12.5-18.0 

6.3 


A®-Etiochol ne-3a-ol-l7-onc 

Mobilitv; Infra-red spectrum 

3-II 

L.-P.G. 

24 

23.7-29.0 

4.4 ' 


A’-Androstene-3a-ol-17-onc 

Mobility; Infra-red spectrum 


* Chloroform-Formamide. 
t Toiuen^Propylcnc^Iycoi. 

§ Possessing the mobility of the order of the respective compound. 


nane-3a:,17a';21-triol-ll,20-dione were obtained. The latter steroid was 
crystallized directly but the former steroid was acet 5 dated and rechroma¬ 
tographed in the ligroin-propylene glycol (L.-P.G.) system (52 hours). 
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Both pregnane compounds were identified by their infra-red spectra. In 
the A^-3-keto-corticosteroid fraction, hydrocortisone and cortisone were 
found and identified by their chromatographic mobility on paper and infra¬ 
red spectra. The hydrocortisone gave a strong greenish fluorescence in 
sulfuric acid and no fluorescence was obtained with the isolated cortisone. 
Two other blue tetrazolium reducing compounds were observed on the 
chromatogram. One was located between the hydrocortisone and cortisone 
zones (Zone 1-IV) and the second occurred immediately ahead of the cor¬ 
tisone zone (Zone 1-VI). The quantity of these substances Was insufficient 
for further identification. 

Among the 17-ketosteroids, etiocholane-3Q:,llj8-diol-17-one (from Zone 

2- 1), etiocholane-3o;-ol-ll,17-dione (from Zone 2-II), A®-etiocholene-3a:- 
ol-17-one (from Zone 3-1) and A®-androsten-3Q:-ol-17-one (from Zone 

3- II) were isolated and identified by their mobilities, melting points and 
infra-red spectra (Table 1). Neither etiocholane-3o:-ol-17-one nor andros- 
terone were found in the cortisone urine, although significant quantities 
of these steroids were excreted during the control period (Table 2). 

Table 2. Steroid isolation in cortisone metabolisjM study 
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Similar to the results obtained in the hydrocortisone study (Burstein et 
al., 1953), pregnane-3Q:,17o',21-trioi-ll,20-dione constituted the major 
steroid found in the corticosteroid fraction. Only a small quantity of 
pregnane-3a,ll^,17a:,21-tetrol-20-one was obtained. The conversion of 
cortisone to hydrocortisone occurred to the extent of 0.28 per cent. In a 
similar study Mason (1950) has indicated that hydrocortisone may be 
present following cortisone administration. The quantity of the excreted 
cortisone in the present study is of the same order of magnitude as that of 
the excreted hydrocortisone. This finding is similar to that which has been 
obtained following the administration of hydrocortisone (Burstein et ah, 
1953). The pattern of the urinary corticosteroids excreted is the same 
whether cortisone or hydrocortisone is orally administered. The conversion 
of cortisone to etiocholane-Sa, lld-diol-17-one (the major 17-ketosteroid) 
and etiocholane-3a:-ol-ll,17-dione occurs to a lesser degree than the cor¬ 
responding conversions following hydrocortisone administration (Burstein 
et ah, 1953). On the other hand, the extent of the conversion of cortisone to 
the pregnane derivatives appears to be larger than the corresponding con¬ 
version of hydrocortisone to these metabolites. During the cortisone ad¬ 
ministration period only a slight increase of lljS-hydroxyandrosterone and 
its dehydration product A^-androstene-3o:-ol-l7-one was found. The dif¬ 
ference between control and experimental urines was so slight that it is 
questionable whether cortisone is actually degraded in the human body to 
this 17-ketosteroid. 

Although etiocholane-3a-ol-17-one and androsterone were isolated from 
the control urine, these steroids were not found in the cortisone urine. 
This finding is in accord with our studies on the influence on the excretion 
of these two 17-ketosteroids of high dosages of hydrocortisone (Burstein 
et ah, 1953). 

Pregnane-3a,17a:-diol-ll,20-dione, which was isolated following corti¬ 
sone and ACTH treatment by Lieberman et ah (1951) was not found in 
the present study. 


SUMMARY 

1. A total of 2.5 gm. of cortisone acetate has been administered to a 
man. 

2. The following metabolites have been isolated and identified: preg- 
nane-3o:,llfi,17Q:,21-tetrol-20-one as the diacetate, pregnane-3a,17Q’,21- 
triol-ll,20-dione, hydrocortisone, cortisone, etiocholane-3Q;,lli3-diol-17- 
one, A®-etiocholene-3a’-ol-17-one and etiocholane-3«-ol-ll,17-dione. 

3. No definitive evidence could be found for the conversion of cortisone 
to llfi-hydroxyandrosterone. 
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4. Etiocholane-Sa-ol-lT-one and androsterone which were present in the 
control urine in significant quantities, were completely absent from the 
urine following cortisone administration. 

ADDENDUM 

In a recent publication by Burton, Keutmann, Waterhouse (/. Clin. 
Endocrinol. & Metabolism 13: 48. 1953), cortisone, hydrocortisone, preg- 
nane-3Q:,17a:,21-triol-ll,20-dione and possibly pregnane-3a,ll(3,17a:,21- 
tetrol-20-one were identified by paper chromatographic methods, following 
the parenteral administration of cortisone. 
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THE EFFECT OF ADRENALECTOMY, SURGICAL TRAUMA, 
AND ETHER ANESTHESIA UPON THE CAPILLARY 
RESISTANCE OF THE ALBINO RAT* 

JENO KRAMAR and MARGARETE SIMAY-KRAMAR 

From the Department of Pediatrics, The Creighton University School of Medicine, 

Omaha, Nebraska 

C APILLARY leakage associated with widespread vascular dilatation 
has long been considered as a typical change after adrenalectomy. 
The regular finding of hemoconcentration (Athanasiu and Gradinesco, 
1909) and of increased protein in the lymph (Cope, Brenizer and Polder- 
man, 1942), and furthermore the observation that spreading of intrader- 
mally injected India ink is augmented after adrenalectomy in the mouse 
(Opsahl, 1949), have been regarded as evidence for the increased capillary 
permeability. That adrenalectomy may affect the capillary resistance as 
well was shown recently by Eichholz, Staab and Taugner (1951). Studying 
the blood pressure and the capillary resistance of rats during the first 
two weeks following adrenalectomy these authors found a decrease of 
the resistance from 76 to 46 cm. Hg as early as the third day. It is of inter¬ 
est that the change in the capillary resistance preceded the fall of the blood 
pressure by 1-2 days, and that,both, hypotension and decreased resistance, 
could promptly be restored by administration of saline and Percorten (des- 
oxycorticosterone glucoside in aqueous suspension). 

While total removal of the adrenal glands followed by administration 
of cortical extract or isolated hormones may give information concerning 
the role of this organ in the maintenance of the capillary integrity, it is 
likewise possible that any change that may be found following this pro¬ 
cedure may be due not only to the absence of the adrenal glands but also 
to the surgical trauma itself or even to the anesthetic. For this reason dis¬ 
tinction should be made between early and late postoperative periods, the 
borderline between them being the time when the effects of the non¬ 
specific factors become minimal or absent. In the early period, in addition, 
there is a fundamental disturbance in all functions of the organism with 
considerable vascular dilatation and capillary stasis but—in the rat pro¬ 
vided with an increased salt supplement—compensatory readjustment 
soon occurs. This late postoperative state is more suitable for a study of 

Received for publication August 22, 1952. 
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any partial function of the body as well as for the testing cortical extracts 
or corticoids than is the early period. 

The present work on the effect of adrenalectomy upon the capillary re¬ 
sistance was therefore preceded by a study of the non-specific effect of 
^surgical trauma and anesthesia. The effect of adrenalectomy itself was 
studied during a period of 2-8 months. 

^ METHOD AND PROCEDURE 

Mature albino rats of the Sprague-Dawley strain and of both sexes with an average 
weight of 250 gm. and fed Purina Dog Chow were used. Twenty-four animals were 
adrenalectomized, 16 were subjected to sham adrenalectomy and 16 to ether anesthesia 
without surgical trauma. Deep ether anesthesia was given for 18 minutes. The adrenal¬ 
ectomy as well as the sham operation took 12 minutes. The length of incisions through 
skin and dorsal musculature as well as the number of stitches applied were standardized. 
In order to render the non-specific effects conspicuous these procedures were deliberatelj' 
made in a more protracted and circumstantial manner. In the sham operation the ad¬ 
renals were exposed —but not touched. Adrenalectomized rats were given l%NaClas 
drinking water. In addition 3 groups of rats, each consisting of 9 animals, were subjected 
to the same procedures (ether anesthesia, sham operation, adrenalectomy) with the 
purpose of studjdng the effect of ACTH and the corticoids. The animals receiving only 
ether anesthesia and those with sham operation were primed with the hormones before 
the respective intervention and for a certain period following it. The adrenalectomized 
rats were treated with the hormones in the late postoperative state. 

The device used in these experiments for testing the capillary resistance consisted of a 
vacuum jar which was connected to an electrically powered suction pump on one direc¬ 
tion and to a small plastic bell (of an inner diameter of 7 mm.) with a stopcock in the 
other direction. Degree of suction was measured by an intercalated mercur}’^ manometer. 
The skin of the abdomen of the animals was prepared by an electric hair clipper but it 
was not shaved. Shaving, in our experience, may irritate the skin and give rise to errone¬ 
ous readings. A thin lajmr of liquid petrolatum applied to the skin before the testing pro¬ 
vided a good surface for the suction cup to cling to and also facilitated viewing of the 
small petechiae. Suction was employed for 60 seconds. The least negative pressure given 
in cm. Hg. still capable of producing hemorrhage was considered as the value of the 
capillary resistance. As it was found that spasm of the precapillaries may lead to falsely 
high readings and thus interfere with the accuracy of the test, much care was taken to 
avoid or at least to recognize this condition. For this reason holding the animal in the 
palm of the glove hand was preferred, whenever possible, to restraining it bj" tieing it 
down to the board. 

■ About one hundred healthy, untreated animals at different age levels have been tested 
for a period of over one year in order to determine the normal variation of the capillary 
resistance. It was found to range rather widelJ^ The resistance was considered highest 
when no bleeding occurred even with a suction of 70 cm. (the average barometer reading 
in Omaha is approximately 730 mm.). It was then marked >70 cm. Healthy, well de¬ 
veloped immature animals maj'^ show such a high resistance, the values being above 60 
cm. Fully developed rats, sometimes all members of the same Utter, may disclose a lower 
resistance (between 40 and 60 cm.), and apparently healthy animals may occasionally be 
found with exceptionally low levels (35-39 cm.). Though each animal tends to maintain 
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its individual level during several months of observation with a fluctuation not exceed¬ 
ing + 5 cm., a general tendency to a gradual decrease with advancing age is noticeable. 
A capillary resistance under 27 cm. is considered to be definitely pathologic. Values of 
35-27 cm. are looked upon as borderline. Thus the following arbitrary classification of 
the capillary resistance was found useful. 




Hg cm. 


(High 

>70-61 

Normal 

■! Medium 

60-46 


(Low 

45-35 

Intermediate 


34-27 

Pathologic 

(Moderately decreased 
. (Very low 

26-11 

10-0 


The wide range of normalcy appeared to us rather enigmatic at first; its meaning, how¬ 
ever, soon became evident in the course of this study. 

RESULTS 


Figure 1 shows typical patterns of capillary resistance change following 
the three types of intervention. 

CR. 



Pig. 1. Typical change in the capillary resistance of the rat following ether anesthesia, 
surgical trauma (sham adrenalectomy) and adrenalectomy. Change in the capillary re¬ 
sistance after adrenalectomy in a rat with accessory adrenal tissue shows no significant 
difference as compared to sham adrenalectomy. 
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Ether anesthesia. There is no change during the first 3-4 days although a 
tendency for the'resistance to increase may often be noticeable. Between 
the fourth and the 12th day a more or less rapid decrease ensues and the 
resistance remains at pathologic levels for 1 to 6 days, whereafter it grad¬ 
ually rises and finally returns to its original value. The entire phenomenon, 
which may be termed “capillary crisis," occupies not more than 2 weeks. 
No other pathologic signs were observed during this enth-e period of capil¬ 
lary derangement. Wide individual variations were noted in onset, degree 
and duration of this “crisis.” In three out of 16 animals the capillary re¬ 
sistance did liot fall lower than the intermediate zone and in two strong 
male rats the crisis was entirely missed. 

Surgical trauma {sham adrenalectomy). Hei’e the typical crisis is more 
conspicuous than in the previous (ether control) experiments. Without 
exception the resistance began to decrease after the fourth day and then 
dropped in a rather abrupt manner and remained at pathologically low 
levels for a longer period of time than in the ether controls (14 days on 
the average). Recuperation was likewise more prolonged. The entire cycle 
took about one month. The critical drop of the resistance was sometimes 
preceded by a transient rise. The animals responded in a more uniform 
and marked way than when anesthesia was given without surgical trauma, 
although considerable individual variation in the capacity of restoring the 
resistance was commonly noted. During the first few postoperative days 
the animals were rather lively. Many of them, though not all, showed 
signs of general malaise and weakness during the second and third post¬ 
operative weeks. They did not eat Avell, became careless about their fur 
and theii' weight curves flattened. Some of them developed scattered 
small eczematous plaques. 

Adrenalectomy. Being thus familiar with the response of the rats to an¬ 
esthesia and surgical trauma, the effect of adrenalectomy was next studied. 
Twentj^’-four animals were adrenalectomized in deep ether anesthesia 
using the standardized technic as employed in the sham operation. Four 
of them died in the first days folloMng operation, 10 died within two 
months, 9 survived for more than three months. In two of the 24 rats it 
was found that removal of the adrenals was not complete, in two other rats 
accessory adrenal tissue was revealed. The curve of the capillary resistance 
of these latter four animals was essentially the same as that seen after 
sham operation, though the restoration was more protracted. Figure 1 
represents the behavior of the capillary resitance of one of the two animals 
with accessory tissue. The remaining 16 rats (the 4 that died within the 
first postoperative days are not considered here) showed a uniform pattern 
that was entirely different and is believed to be characteristic of the ab¬ 
sence of the adrenals (Fig. 1.) The resistance decreased precipitously after 
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the second day following removal of the glands and became, without ex¬ 
ception, definitely pathologic after the 5th day in contrast to the more pro¬ 
tracted slope in the curves shown by some of the sham operated animals. 
The essential difference, however, lies in the fact that whereas after sham 
operation the resistance returns to previous levels, it remained perma¬ 
nently low after adrenalectomy. The capillary resistance of several animals 
has been followed for 5 to 9 months after adrenalectomy and found to be 
consistently at or below 10 cm. Hg. 

The effect of ACTH and Coriicoids upon the pathologically low capillary 
resistance following adrenalectomy. The late postoperative period (2-8 
months after operation), in which the animals are in a relatively balanced 


C.R. 



Fig. 2. Effect of cortisone, DOCA and ACTH on the capillary resistance of ' 
adrenalectomized rat in the late postoperative period. 

condition, having permanent^ low capillary resistance, seemed to be very 
suitable for checking hormonal effects. Figure 2 leaves no doubt about the 
effectiveness of cortisone.' In contrast, DOCA in high doses administered 
in aqueous- or oily® medium subcutaneously or intramuscularly was en¬ 
tirely ineffective. The slight rise in the curve occurring in some animals was 


‘ 1 l-dehydro-17 hydroxycorticosterone 21-acetate (Cortone acetate, Merck). 
= Desoxycorticosterone acetate aqueous macrosuspension (Bell Pharm. Co.). 
^ Desoxycorticosterone acetate in sesame oil (Cortate, Schering). 
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due to an edema of the skin caused by the huge doses of DOCA. ACTH^ 
likewise showed no effect. 

The effect of ACTH and Coriicoids upon the capillary crisis elicited by 
surgical trauma and by ether anesthesia on normal {non-adrenaleclomized) 
animals. Figures 3 and 4 show clearly evidence that cortisone is able to pre¬ 
vent the capillary crisis occuring after surgical trauma or ether anesthesia. 
All treated animals showed high normal resistance during the entire pe¬ 
riod of two weeks during which the capillary crisis might have been ex- 



Fig. 3. Effect of cortisone, DOCA and ACTH on the "capillarj’’ crisis” due to surgical 
trauma. DOCA and ACTH were unable to prevent the crisis while cortisone was full}' 
effective. Withdrawal was followed by a typical "secondary capillar 3 ’^ crisis.” 


pected. In contrast all the animals primed with ACTH or DOCA disclosed 
the usual capillary response, i.e., these substances were unable to prevent 
the crisis. When, however, cortisone was withdrawn from the sham oper¬ 
ated animals at a time when the resistance of the matched animals treated 
with ACTH or DOCA already returned to normal—a typical crisis set in. 
In case of anesthesia alone the resistance remained within normal values 


* Lyophilized adrenocorticotropic hormone (ACTHAR, Armour Lab.). 
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after cortisone was discontinued. However, there was a small indentation 
in the curve suggesting a rudimentary form of a crisis. 


.ACTH 

■DOCA 



Fig. 4. Effect of cortisone, DOCA and ACTH on the capillary crisis elicited by ether 
anesthesia. In these experiments the rats were kept in an atmosphere containing 6 vol. 
% ether for 90 minutes. Cortisone was fully effective in preventing the capillary crisis 
whereas DOCA and ACTH failed to do so. Rudimentary form of “secondary capillary 
crisis” after withdrawal of cortisone. 


DISCUSSION 

The behavior of the capillary resistance after adrenalectomy studied in 
a long range experiment of several months’ duration definitely suggests 
that the maintenance of the normal capillary resistance is a function of the 
adrenal cortex. Administration of ACTH, cortisone, and DOCA in the 
late postoperative phase seem to indicate that cortisone is involved in this 
function. Eichholz et al. (1951), as mentioned above, attribute the same 
role to DOCA. 

The present study had already been completed when the paper of Eich- 
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holz et al. became available to us. Thus without repeating their experi¬ 
ments it can only be stated that DOCA was found ineffective under our 
experimental conditons. It is presumed that the explanation for this 
discrepancy may be found among the following factors. 


Observation made in period 
Duration of observation 
Range of capillary resistance 
tested 

Administration of NaCl 


Preparation used 


Eichholz et al. 
early postoperative 
two weeks 

76-46 cm. Hg (Within Nor¬ 
mal zone) 

parenterally (mostly) with 
DOCA whenever it was 
tested 

Percorten, aqueous (desoxy- 
corticosterone glucoside) 


Authors 
late postoperative 
up to 8 months 
70-0 cm. Hg including In¬ 
termediate and Pathologic 
zones 

Constant oral supply during 
entire period of observa¬ 
tion 

Desoxycorticosterone ace¬ 
tate aqueous macrosus¬ 
pension (Bell Pharm Co.); 
In sesame oil (Cortate, 
Sehering) 


Since the early observation of Leriche upon the “maladie post-operatoire” 
and its recognition as a pathologic entity (an example of the alarm reac¬ 
tion by Selye) the systemic changes caused by traumatic injury have been 
the subject of considerable interest and innumerable studies. Nevertheless 
little is known about the behavior of the capillaries in this condition and 
the available data are, in addition, rather conflicting. On the one side there 
stands the still debated question whether or not a traumatic shock may 
produce capillary leakage at a distance from the site of the injury (pro: 
Selye, contra: McMichael, 1945; Nobel and Gregersen, 1946)—on the 
other side the observation of Cole, Shaw and Fraser (1950) suggesting that 
trauma may lead to a decrease of the permeability. Concerning capillary 
resistance only two data are available (Ungar, 1944; Robson et al., 1950). 
both indicating an increase after tissue damage. No reference whatsoever 
could be found in this relation concerning ether anesthesia. 

In view of these data in the literature the capillary crisis found in our 
experiments after relatively minor injuries such as sham adrenalectomy or 
anesthesia seemed rather enigmatic at first glance. When one compares 
these curves, however, with those of the adrenalectomized animals and 
considers the effect of cortisone in all these conditions, these findings be¬ 
come more comprehensible. 

If the adrenal cortex governs the capillary resistance and if cortisone is 
a mediator of this function, the critical drop of the capillary resistance fol¬ 
lowing stress and the period of low resistance that ensues thereafter must 
necessarily mean either that the stimulating effect of the pituitary upon 
the adrenal was lacking during this time or that the adrenals were not re¬ 
sponsive. As ACTH failed to prevent the capillary crisis (note: The ani¬ 
mals were not adrenalectomized) whereas cortisone was fully effective the 
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second possibility must be thought of. Since it is known that the demand 
of the organism for corticoids is increased during stress the explanation 
may be offered that this unresponsiveness of the adrenal and, hand in hand 
with it, the capillary crisis, are expressions of a transient hypofunction or 
depletion. (The term “exhaustion” is deliberately avoided to prevent con¬ 
fusion with Selye’s concept of “state of exhaustion.”) 

Details of an analysis of this remarkable condition will soon be pub¬ 
lished on the basis of studies that have been made with various other forms 
of stress. The phenomenon of the “secondary capillary crisis” occurring 
after, discontinuance of cortisone on animals in which the primary crisis due 
to a stress was prevented bj'^ it will also be the subject of a special study. 

SUMMARY 

The change of the capillary resistance of the albino rat following ad¬ 
renalectomy was studied for a period of 2 to 8 months. In order to rule out 
the possible effects of surgical trauma and anesthesia (factors necessarily 
involved with the adrenalectomy) upon the capillary resistance, some 
groups of rats were sham operated in ether anesthesia or subjected to the 
anesthesia alone. 

After sham adrenalectomy the capillary resistance changed in a typical 
way showing a pattern with 4 successive phases: (1) a more or less pro¬ 
nounced increase in the first days; (2) a critical drop at the end of the first 
or in the course of the second week; (3) a state of pathologically low re¬ 
sistance lasting about two weeks; (4) a period of recuperation. The entire 
phenomenon—it may be termed “capillary crisis”—takes about one 
month. Though individual variations were often noticed, on the whole, 
the response of the animals was remarkably uniform. 

Eollowing ether anesthesia the same pattern was observed, mostly in 
somewhat telescoped and less conspicuous form. Individual variations 
were more common. 

After adrenalectomy only the second and third phases of the above pat¬ 
tern were seen, i.e., the initial rise was absent and the capillary resistance 
remained at low levels during the entire period of observation (up to 9 
montlis). In the presence of accessory adrenal tissue the animals re¬ 
sponded in the same waj'^ as after sham operation, although restoration 
was more protracted. 

Since the first phase of the capillary crisis (initial rise of the resistance 
before its critical drop) in the sham operated or merely anesthetized ani¬ 
mals may often be absent or easily missed, it is obvious that during the 
first 3 to 4 weeks following operation there is no significant difference be¬ 
tween adrenalectomized and sham operated animals as far as capillary 
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resistance is concerned. In view of this observation as well as of the possi¬ 
bility that hemodynamic changes ensuing during the first weeks after re¬ 
moval of the gland may also influence the capillary integrity, it must be in¬ 
ferred that the late postoperative period is, in fact, more suitable that the 
early period for a study of the effect of adrenalectomy upon the capillary 
resistance as well as for testing hormonal or other preparations. 

A study in this late postoperative period showed that cortisone is able 
to restore the capillary resistance promptly. ACTH and DOCA (both 
aqueous and oily) were found ineffective. Cortisone given to sham oper¬ 
ated or merely anesthetized animals before the procedures prevented the 
capillary crisis. DOCA and ACTH failed to do so. 

These findings suggest that the adrenal cortex is intimately connected 
with the resistance of the capillaries and that cortisone seems to be in¬ 
volved in this function. 

The explanation is offered that the “capillary crisis” found after surgical 
trauma or anesthesia may be an expression of a transient hypofunction or 
depletion of the adrenal cortex. 
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THE EFFECTS OF ANDROGEN AND ESTROGEN IN 
CASTRATED AND HYPOPHYSECTOMIZED C3H MICE 

DONALD J. FERGUSON/ and MAURICE B. VISSCHER 

From the Deportments of Surgery and Physiology, University of Minnesota 

INTRODUCTION 

E STROGEN-ANDROGEN antagonism may be defined as the sup¬ 
pression or modification of the effect of one hormone on an end- 
organ or tissue by the opposite sex hormone. The phenomenon has been 
demonstrated in many experiments (review, Burrows, 1949), but it is not 
clear to what extent antagonism occurs at the site of action on the end- 
organ, or to what extent it is brought about indirectly through changes in 
pituitary or gonadal function. The experiments of Moore and Price (1932) 
seemed to indicate that no estrogen-androgen antagonism existed except 
as mediated through the influence of the gonadal hormones on pituitary 
gonadotropic function. Martin (1951), on the other hand, has stated that 
estrogen-androgen antagonism probably holds for any tissue affected by 
either hormone, and that inhibitions are due to direct antagonistic action 
in the tissues. 

The present study was designed to indicate the extent of estrogen-andro¬ 
gen antagonism occurring in animals from which pituitary and gonadal 
influences were eliminated, at a constant dose level of the two sex hor¬ 
mones. 

METHODS 

A total of 160 C 3 H strain mice were used in the experiment. The animals were 
singl}^ housed, and water and Purina Fox Chow were provided ad libitum. H 3 ’^pophysec- 
tomy by the method of Thomas (1938), and castration were performed in 140 of the 
mice. Completeness of hjfpoph 3 fsectomj’^ was evidenced b 3 ’- a continuing loss of weight 
in ever 3 '^ animal psed in the e.xperiment, absence of visible pituitaiy tissue on examination 
with a dissection microscope at post-mortem, and absence of recognizable pituitar 3 ' tissue 
m serial sections of the decalcified sella turcica in 4 representative animals. 

Injected hormones included a-estradiol, dieth 3 'lstilbestrol, and testosterone propio¬ 
nate, hereafter referred to as estradiol, stilbestrol, and testosterone, respect!ve^-. The 
total dail 3 ' hormone dose was injected subcutaneously in 0.03 ml. of oil, in one of 3 
locations varied in regular rotation. 

The mice were 3 to 4 months old at operation. Injections were begun 31 to 35 aa 3 's 
after operation, and continued daib' for 14 da 3 's. Vaginal smears were taken daib^ b 3 ’ 
lavage in all females during the injection period. The mice were killed with ether on the 
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day following the last injection. Organ and body weights were obtained from each 
animal, and tissue sections and mammary whole mounts were prepared from 2 or more 
animals in each group. 


RESULTS 

Preliminary experiment to determine minimum doses of hormones producing 
maximal effect in castrated and hypophysectomized mice. 

It is well known that the relative dosage of androgen and estrogen may 
determine whether antagonistic, cooperative, or independent effects will be 
produced in a given tissue (Burrows, 1949). Selection of doses for the pres¬ 
ent experiment was made as follows. Weights of seminal vesicles with their 
retained secretion in 6 castrated and hypophysectomized male mice, sub¬ 
jected to graded doses of testosterone injected daily for 14 days, indicated 
that the minimum dose producing a maximum increase wms about 20 ng. 
daily. Eight castrated and hypophysectomized female mice wmre injected 
with graded doses of stilbestrol, and six were injected wdth graded doses of 
estradiol, daily for 14 days. The minimum dose of stilbestrol producing a 
maximal increase in uterine weight was 0.08 jug., and the corresponding 
dose of estradiol was 0.01 jug. 

When testosterone was used in female mice, the dose as determined 
above was arbitrarily doubled, to 40 yg. daily. The dose of estradiol given 
to male mice was increased to 0.1 jug. daily. The dose of stilbestrol used in 
the male mice could be increased only to 0.1 yg. dail}'-, because larger doses 
had a toxic effect. 

The main experiment was arranged as follow's: there ^vere 70 mice of 
each sex, divided into 7 groups of 10. One group of each sex was intact, 
and the remainder were castrated and hypophysectomized; of the latter, 
one group of each sex wms injected with corn oil without any hormone, and 
one group of each sex with each of the followdng: testosterone, estradiol, 
stilbestrol, testosterone plus stilbestrol, and testosterone plus estradiol. 

Body weight (Tables 1 and 3) 

The males weighed more than the females. All of the mice -which were 


Table 1. Average organ and body weights from intact female mice and from the six 

GROUPS OF CASTRATED AND HYPOPHYSECTOMIZED FEMALE AIICE. TeN MICE IN EACH GROUP 

Numbers are means in mg. + standard deviation 


Organ 

Intact 

No horm. 

Testosterone 

Stilbestrol 

Estradiol 

Stilb.-test. 

Estra.-fest. 

Adrenal 

Heart 

Kidney 

Liver 

Spleen 

Thymus 

Uterine Horn 

2.76 + 0.33 
101 ±7 

168 ±17 
1397 + 127 

80 ± 12 

35 + 3.4 

43 + 9.6 

0.99 + 0.10 
50 + 3 

75 ±6 

967 ± 92 
41+9 
2G±3.5 
5.3±0.G 

0.88 + 0.10 
52 + 4 

103 ± 10 
1142 + 81 

45 + 4 

14 ±1.7 
21±2.9 

0.90 + 0.15 
48±2 

73 ±5 

856 ±54 
41±6 
29±3.8 
30±4.4 

0.S7±0.14 

48±3 

71±G 

805 ±150 

38 ±5 

27±4.7 

21±3.1 

0.76±0.07 

49±2 

97±7 

972 ±102 
39±8 
10±2.5 
19±3.4 

0.79±0.15 
50 + 4 

103 ±10 
1081 ±71 
30±3 
19±3.G 
18±2.5 

Body (Autopsy) 

25.0 Gm. 

16.3 

17.6 

16.0 

15.8 

16.0 

17.1 
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Table 2. Statisticalll’ significant differences in organ weights between the six 

GROUTS OF CASTRATED AND HYPOPHTSECTOMIZED FEMALE MICE, LISTED ACCORDING TO 
HORMONES INJECTED. WhBN THE MEAN ORGAN M'EIGHT OF ONE OF THE HORIZONTALLY 
LISTED GROUPS IS LARGER THAN THAT FROM A VERTICALLY* LISTED GROUP, AND 
P IS LESS THAN 0.01, THAT FACT IS INDICATED BY -f-t-; IF P IS LESS THAN 

0.05, BY +. Minus signs indicate the opposite relationship 






Animal groups 


Organ 

Animal groups 

No 

horm. 

Test. 

Stub. Estra. 

Extra.- 

Test. 

Adrenal 

No horm. 


_ 

— 

— 


Testost. 

+ 


— 



Stub. 



— 


Kidney 

No horm. 


+ 4- 

4-4- 

4-4- 

Stub. 


+ + 

4-4- 



Estra. 


4-4- 


-b-b 

Liver 

No horm. 

Test. 


4-4- 

— 



Stub. 

4" + 

4-4- 

4- 



Estra. 


4-4- 


4-4- 

Spleen 

Test. 



— 

— 

Thymus 

No horm. 


— 

— 

— 

Test. 

+ 4* 


•+•4- -b -b - 



Stub. 


-- 

— 



Estra. 


— 


— 

Uterine 

No horm. 


4-4- 

4-4- 4-4- 4-4- 

4-4- 

Horn 

Test. 

— 


■f 4" 

— 


Stilb. 

— 

-- 




Estra. 

— 



— 


Table 3. Average organ and body weights from intact male mice and from the 
SIX groups of castrated and hypophysectomizbd male mice, ten 

MICE IN EACH GROUP 

Numbers are meanns in mg. + standard deviation. 


Organ 

Intact 

No horm. 

Testosterone 

Stilbestrol 

Estradiol 

Stilb.-test. 

Estra.-test. 

Adrenal 

1.76±0.12 

0.82±0.07 

0.94±0.15 

0.77 + 0.08 

0.7710.09 

0.8010.09 

0.77 + 0.U 

Heart 

118 + 5 

53 + 3 

54±2 

53 + 3 

56 + 3 

5414 

53 + 4 

Kidney 

227 ± 16 

89±5 

110±7 

95 + 6 

9919 

114110 

115 + 10 

Liver 

1G05±119 

917 ±84 

1089 + 65 

956149 

10321X10 

964190 

10221106 

Spleen 

07 ±7 

34±3 

42±3 

4718 

4814 

3615 

3815 

Thymus 

30±5.0 

22±4.9 

25±2.1 

20 + 2.2 

24±3.4 

15 + 3.3 

1411.6 

Seminal vesicle 

66±9.9 

4.3±0.6 

23 + 3.2 

4.110.5 

4,9 + 1.0 

1712.4 

1912.2 

Body (autopsy) 

28.1 Gm. 

18.1 

18.3 

18.7 

18.6 

17.5 

16.3 


operated on lost weight, from 13 to 32% betiveen operation and autopsJ^ 
Differences between groups of castrated and hypophysectomized mice are 
not statistically significant. All the intact mice gained weight during the 
same period. 

Vaginal Sn\ears 

Castrated-hypophj'sectomized mice receiving no hormone injections 
had unvarjdng, scanty vaginal smears in which there were only a few 
cells, mostly leukocjdes, and little or no mucus. Estradiol or stilbestrol 
produced an abundance of cornified cells after the third or fourth day. 
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Testosterone produced increased mucus, “mucified” cells (Fig. 3), and leu¬ 
kocytes after the third day, but no cornified cells were seen. 

When both testosterone and estradiol were given, the picture was not 
distinguishable from that produced by testosterone alone. 


Table 4. Statistically significant differences in organ weights between the six 

GROUPS OF CASTRATED AND HYPOPHYSECTOMIZED MALE MICE, LISTED 
ACCORDING TO HORMONES INJECTED. SYMBOLS AS IN TaBLE 2 



Animal groups 



Animal 

groups 



Organ 

No 

horm. 

Test. 

Stilb. 

Estra. 

Stil.- 

Test. 

Estra.- 

Test. 

Adrenal 

No horm. 

Test. 

— 

+ 

— 

— 

— 

— 

Kidney 

No horm. 




+ 

+ + 

++ 


Stilb. 


+ + 



+ + 



Estra. 

— 

4 “ 




++ 

Liver 

No horm. 

Test. 

— 

+ + 

— 

+ 

— 

+ 

Spleen 

No horm. 

Test. 


+ + 

+ + 

+ + 




Stilb. 

— 




— 



Estra. 

— 





-- 

Thymus 

No horm. 





— 

,— 


Test. 



— — 


— 

— 


Stilb. 

Estra. 


+ + 




— 

Seminal 

No horm. 


++ 



+ + 

++ 

Vesicle 

Test. 

Stilb. 

-* 

+ + 

— 

— — 

•+ + 

++ 


Estra. 


+ + 





When testosterone was combined with stilbestrol, there was a varying 
predominance of cornified or mucified cells from day to day in a given ani¬ 
mal. Both types of cell were seen, along with mucus and leukoc 3 des in 
most of the smears (Fig. 4). 


Explanation of Figures 1-8 

Photomicrographs of tissues from castrated and hypophysectomized female mice. 
H. and E. stain. XI50. 

Figs. 1-5 Vaginae. 1) No hormone given. 2) Stilbestrol. Epithelium is similar to that 
in intact mice. 3) Testosterone. 4) Stilbestrol and testosterone. 5) Estradiol and testos¬ 
terone. 

Figs. 6-8 Uteri. 6) No hormone given. The magnification appears different from tia 

in Figs. 7 and 8, but it is the same. 7) Stilbestrol. 8) Stilbestrol and testosterone, le 
uteri from mice given testosterone alone, and those given estradiol, or estraclio an 
testosterone, were similar to Fig. 8. 
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Changes in organ weights (Tables 1-4) 

Uterine horn. The uterus underwent severe atrophy after castration and 
hypophysectomy. It was restored to nearly f normal size by injections of 
stilbestrol, and to about half normal size b 3 ’^ either estradiol or testosterone. 
A significant inhibition of the effects of either stilbestrol or estradiol was 
found when testosterone was added; in fact, when both estrogen and andro¬ 
gen were given, uterine weights were less in each case than when either was 
given alone. The inhibitory effect appeared to be mutual. 

Seminal vesicles. These were weighed without loss of secretion, and judg¬ 
ing by the histology (Figs. 9-11), the differences in weight are mainly due 
to differences in the amount of secretion present. Pronounced atrophj’^ as 
well as decreased secretion occurred after operation. The injection of testos¬ 
terone produced secretion and a gain in weight to about | normal size. 
This effect was partially inhibited bj’' either estradiol or stilbestrol, neither 
of which had anj'- effect when given alone. 

Adrenals. The sections (Figs. 14-16) show that differences in adrenal 
weights are mainty due to changes in the cortex. The findings were differ¬ 
ent in the two sexes; In the female, changes were always in the dfiection 
of smaller glands when any hormones were given, and there was more 
atrophy when both hormones were given than in the other groups. In 
the male, the only significant change from the untreated controls was a 
slight increase in weight when testosterone was given alone, which was 
apparently completely inhibited bj'' simultaneous administration of either 
stilbestrol or estradiol. 

Kidneys. There was a reduction in weight of 55% in the female and 61% 
in the male after operation. An increase in weight was produced in either 

Explanation of Figuhes 9-18 

Photomicrographs, H. and E. stain.' X150 or 200. 

Figs. 9-11. Seminal vesicles from castrated and hj'pophysectomized male mice. 9) 
Given testosterone. 10) Testosterone and estradiol. 11) Estradiol. Seminal vesicles from 
mice given stilbestrol and from those not given any hormones closely resemble Fig. 11. 

Figs. 12 and 13. Submaxillar}^ glands from castrated and hypophysectomized female 
mice. 12) Given stilbestrol. This appearance was found in all groups except intact males 
and mice given testosterone. 13) Stilbestrol and testosterone. Testosterone alone and 
testosterone plus estradiol gave the same picture as Fig. 13. 

Figs. 14-16. Adrenal glands from castrated and hypophysectomized female mice. 
14) Given testosterone. 15) Stilbestrol. 16) Testosterone and stilbestrol. 

Figs. 17 and 18. Mammary whole mount preparations X30. 17) Intact female 
mouse. 18) Castrated and hypophysectomized female mouse given stilbstrol; those 
given the other hormones or no hormone had the same appearance. 
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sex by testosterone, and this effect was not inhibited by estrogen. Stil- 
bestrol alone had no effect, but there was some increase in weight of the 
male kidney when estradiol was given. 

Liver. Liver weight was increased by testosterone, and this effect was 
inhibited by stilbestrol, but not by estradiol, which by itself produced an 
increased w^eight in the male. 

Thymus. Weight was decreased in the female by testosterone, and this 
was unchanged when stilbestrol was added, but the decrease w^as less if 
estradiol was added. In the male there was a decreased w'eight when two 
hormones were given together, but no effect from any of the three given 
separately. These changes were not correlated with the differences in 
adrenal weights. 

Spleen. In the male, w^eights w^ere increased wdien estrogen or .androgen 
were given alone, but were unaffected ■when both were given. In females 
there was little change. 

Heart. The heart weight wms remarkably constant and unaffected by sex 
hormones. 

Histology 

After operation, there wms atrophy of nearly all tissues, with a decrease 
of cytoplasm and closer packing of cells. 

Vagina (Figs. 1-5). Following operation there \vas pronounced atrophy 
of the entire structure. Epithelium w’-as reduced from about 8 layers of 
cells to two layers without cornification. When estradiol or stilbestrol was 
given, the epithelium returned to approximately normal, but the rest of 
the vaginal wall remained atrophic. Injections of testosterone produced a 
vaginal mucosa 3 to 4 layers thick, with large pale-staining cells, and with 
mucus being discharged into the lumen. When estradiol -urns given wdth 
testosterone, the picture was similar to that wdth testosterone alone. When 
testosterone and stilbestrol were combined, the pattern varied, with the 
deeper layers of the mucosa resembling the stratified squamous, and the 
layer nearest the lumen mucified in most areas. 

Uterus (Figs. 6-8). The extreme atrophy occurring in this organ after 
castration and hypophysectomy is but little more than that occurring 
after castration alone. There was considerable restoration of all layers 
after injection of estrogen. Many endometrial glands "v^^ere formed ■Rdien 
stilbestrol was given. This effect was diminished, and muscular develop¬ 
ment ■«^as less evident if testostrerone was added to stilbestrol. Estradiol 
had less effect on musculature, and glands were smaller than those found 
after stilbestrol injections. Uteri from animals injected ■with testosterone, 
or testosterone and either estrogen were very similar histologically, and 
are w^ell represented in Figure 8. 
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Seminal vesicles (Figs. 9-11). The appearance in those mice given no 
hormone or either estrogen is the same (Fig. 11). Testosterone caused the 
organ to become distended with secretion, and this effect was decreased 
when estrogen was added. 

Prostate and coagulating glands. The flattened eipthelial cells seen in 
mice given no hormone after operation were changed to larger, cuboidal 
cells bj'' testosterone, but were apparently unaffected by estrogen. There 
was no squamous metaplasia, and estrogen did not modify the effect of 
testosterone. Squamous metaplasia has been reported in these structures 
after doses of estrogen considerably larger than used here (Thorborg, 
1948). 

Suhmaxillary glands (Figs. 12, 13). Sexual bimorphism in this organ was 
originally described bj'- Lacassagne (1940). In the present experiment, mice 
operated on all had the female type of ductule (Fig. 12), except those given 
testosterone, which all had the male type (Fig. 13). Ductules of the latter 
were not modified when estrogen was added to testosterone. 

Kidneys. The number of Bowman’s capsules having cuboidal cells in 
the parietal layer is increased in the castrate male mouse by injection of 
testosterone (Crabtree, 1941). In the present experiment it was not possible 
to find significant differences in the number of such capsules in the various 
groups, although higher numbei's were found in males given testosterone. 

Adrenals (Figs. 14-16). All adrenals from animals operated on showed 
atrophy of the cortex, and this feature was not conspicuously modified by 
any of the hormones given. The cortex in the male was essentially un¬ 
changed in appearance by the various injections. In the female after opera¬ 
tion there was a concentration of small dark cells in the inner part of the 
cortex, about 8 layers thick, representing the atrophied x-zone. This area 
was not distinguishable in females given testosterone, with or without 
estrogen, but was present in all others. 

The female mice given testosterone with either estrogen showed an un¬ 
even basophilic staining of nuclei in both cortex and medulla (Fig. 16). 
This ma}”- represent more rapid atrophy or degeneration, and is correlated 
with the greater loss of adrenal weight in these groups. 

Areas of “brown degeneration,” a deposition of ceroid pigment, were 
found in most of the female adrenals, in the inner part of the cortex. They 
were most prominent in the group given stilbestrol (Fig. 15). 

Other organs. Sections were studied from the following organs without 
finding significant differences between the various groups of castrated and 
hypoph 3 ’^sectomized animals: liver, pancreas, spleen, sublingual gland, 
thjToid, parathjToid, trachea, esophagus, thjmius, lung, heart, stomach, 
duodenum, ileum, colon, and bladder, 
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Mammary whole mounts (Figs. 17, 18) 

The mammary glands were removed from the skin of each animal and 
examined, and complete preparations were made from two animals of each 
group. There was no development of the mammary ducts in any of the 
animals which had been castrated and hypophj'-sectomized. Examples of 
estrogen-androgen antagonistic effects on the mammary gland in intact 
or castrated animals have been reported (Smelser, 1933; Arbelger and 
Huseby, 1951), and maj'- have involved pituitary suppression as part of the 
mechanism; however, the level of pituitary factor necessary for mammaiy 
growth might be unaffected bj'’ sex hormones, though essential for their 
action. 


DISCUSSION 

True hormone antagonism might be defined as a situation where a 
measured characteristic of a target organ is affected in one direction by 
one hormone, and is affected only in the opposite direction by addition of 
the other hormone. Examples of such antagonism in the present study were 
observed in the amount of seminal vesicle secretion, the weight of the liver, 
the weight of the tlijunus in the female, and the extent of the x-zone in 
the female adrenal cortex. 

Other types of effect observed included instances where both sex hor¬ 
mones produced alterations in the same duection, but where one neverthe¬ 
less inhibited the effect of the other, as in development of the endometrium, 
uterine weight, and splenic weight in the male, A site wdiere different, but 
not opposite, effects were exhibited separately by the two sex hormones 
was the vaginal mucosa. Examples of places wliere onl}'- one hormone 
showed activity were the ductules of the submaxillary gland, and tlie 
weight of the kidney (testosterone versus stilbestrol). Finally, in two in¬ 
stances the two hormones together had a synergistic effect which neither 
had alone, on thymus weight in the male and adrenal -weight and histology 
in the female. 

The idea that all tissues will respond to one sex hormone if they are 
affected by the opposite one could not be proved or disproved unless an 
extensive dose range of both hormones were tested; in the range of dosage 
near physiological, which wm have used, this conception did not apply. 
A theory of universal estrogen-androgen antagonism is not supported by 
our data. 

Pituitary function may affect in some degree the response of various 
target organs to injeeted sex steroids, but the essential agreement between 
the results in this experiment and those reported from non-hj^pophysec- 
tomized animals implies that pituitarj^ hormones are not indispensable 
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to sex steroid action on the target organs studied, except the mammary 
gland. The latter did not respond to injected steroids after hj'pophysec- 
tomy. 

SUMMARY AND CONCLUSIONS 

A study has been made in 140 castrated and hypophysectomized C 3 H 
male and female mice, and 20 intact controls, of the effects of injected 
testosterone propionate, and diethylstilbestrol or a-estradiol, separately 
and in combination. Injections were.begun 31 to 35 days after operation 
and continued daily for 14 days. Observations were made of vaginal smears, 
body weight, organ weights, histology, and mammary whole mounts. 

The results indicated that antagonistic effects of simultaneously ad¬ 
ministered estrogen and androgen in the castrated and hypophysectomized 
mouse are evident, but are not predominant; there are also independent, 
unlike effects of the two hormones on the same tissue, sites where only 
one hormorie is effective at the given dose level, similar effects by both hor¬ 
mones on the same tissue, and synergistic effects not seen with either 
hormone alone. The similarity of these findings to those reported in intact 
or castrated animals suggests that the pituitary does not play a determin¬ 
ing role ill the mechanism of action of the sex hormones on the target 
organs studied, except the mammary gland. 
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EFFECTS OF CORTICOSTEROIDS ON URINARY 
FORMALDEHYDOGENIC CORTICOIDS AND 17- 
KETOSTEROIDS IN NORMAL AND SUBTOTALLY 
HEPATECTOMIZED RATS' 

FRANCESCO DEL GRECO,^ G. M. C. MASSON and 
A. C. CORCORAN 

From the Research Division of the Cleveland Clinic Foundation and the Franh E. 
Bunts Educational Institute, Cleveland, Ohio 

U RINARY outputs of 17-ketosteroids (17-KS) and reducing (R) or 
formaldehydogenic (F) corticoids (C) are used as measures of adrenal 
cortical function. However, they are not readily interpretable. Under differ¬ 
ent conditions, urinary 17-KS and FC can vaiy in the same sense or in¬ 
dependently (Venning, 1950). Among factors contributing to this vari¬ 
ability of relationship, the nature of the steroids undergoing metabolism 
is perhaps the most important. Thus, in human beings (Venning, 1950; 
Polley and Mason, 1950) and in rats (del Greco, Masson and Corcoran, 
1952), only C-D-ly'-droxylated corticosteroids act as 17-KS precursors; 
the extent to which injected corticosteroids appear in urine as FC varies- 
widel}’- (Fajans, Louis and Conn, 1951 a). Among other variables are the 
state of esterification, the route of administration and the level of hepatic 
function (Fajans, Louis and Conn 1951 b; Engstrom et al., 1951; Bongio- 
vanni and Eisenmenger, 1951). The aim of this study was to test the 
significance of these factors on alrsolute and relative outputs of urinarj^ 
17-KS and FC. 

A method, previously described for the measurement of urinary 17-KS 
in the rat (del Greco, hlasson and Corcoran, 1952), was adapted which 
depends in principle on giving large doses of a test compound over a short 
space of time, so that effects of endogenous hormones are obscured. The 
variables tested in these experiments are (a) the nature of the compound, 
(b) its esterification, (c) oral as compared with subcutaneous administration, 
and (d) the effect of subtotal hepatectomy. 

PROCEDURE 

Female albino rats (150 to 250 gm. body weight) were divided in groups 
Received for publication October 27, 1952. 
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of at least 4 animals. Each rat was placed separately in a metabolic cage; 
the animals were maintained on Purina Fox Chow; 1% NaCl was substi¬ 
tuted for drinking water in order to increase urine flow. 

The pretreatment control period of 4 days enabled the animals to ac¬ 
custom themselves to their new environment; they were then placed on 
real or simulated treatment for 5 days; this was followed by a recover}" 
period of 4 days; lack of certain steroids sometimes forced us to shorten the 
treatment period by 1 or 2 days. In experiments involving sub-total hepa- 
tectomy, the operation was done on the last pretreatment day. 

The corticosteroids tested were cortisone and hydrocortisone, each as 
alcohol and acetate, and the acetates of corticosterone, dehydro cor ticos- 
sterone and desoxycorticosterone; free testosterone was injected as a means 
of validating the 17-KS method. Tliese steroids were given once a da}" in 
doses of 10 mg. in water suspension; the subcutaneous dose was'contained 
in a volume of 0.2 cc. and the oral dose was given by gavage in a volume 
of 1.0 cc. 

Urine was collected daily; 17-KS determinations were done on individual 
Merthiolate-preserA"ed samples by a method of Drekter et al. (1952); 
determinations of pH 1 extractable FC (Corcoran and Page, 1948) were 
done on chloroform-preserved samples pooled daily from each group. The 
extraction stages of the procedures were completed on the day of collection; 
the extracts were then accumulated for simultaneous final colorimetric 
analyses. The urine samples were grossly free of feces and food. 

This manner of handling the samples is important as concerns FC. In 
a former study (Masson et al., 1952) urines of individual rats were pooled 
after addition of chloroform and accumulated at 10° C. to a volume of 300 
cc., so that several days elapsed before acidification and extraction. Mean 
FC output of normal rats by this procedure was 0.5 pg. daily. By the pres¬ 
ent procedure, the mean of 14 observations (urines frcm 36 individuals) is 
11.2 jug. daily, the standard deviation +3.7 and the standard error of the 
mean +1. The effect of spleen ^-glucuronidase (Viobin) was examined by 
comparison of FC estimates in 5 pools of fresh rat urine; 2 were extracted 
at pH 1 without incubation with the enzyme and yielded values of 4 and 
3 jug. daily; the 3 samples extracted at pH 1 after 3 days incubation with 
the enz}"nie (procedure 1 of Dustan, Mason and Corcoran, 1953) gave 
negligible yields in 2 cases and value of 1.5 jug. in the other. The difference 
in yield between the directly extracted and enzyme inculcated samples 
indicates that there had been destruction of FC during the time of incuba¬ 
tion; similar destruction which may be bacterial probably accounts for 
the low values observed in pooled stored urine samples. Since, in contrast 
with the human (Corcoran et al., 1951; Dustan, Mason and Corcoran, 
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1953), the yield of FC in rats was not increased by enzymatic hydrolysis 
this procedure was not made part of this study. 

RESULTS 

I. Normal Rats: Oral Administration 

Results are summarized in Table 1. Stated control mean value of FC 
is that described above (11.2 /zg.) since determinations in each group proved 
unnecessarily tedious. Stated mean control levels of 17-KS are those 
found in each group. Values of each during treatment are noted for each 
day and also as the mean of the treatment period. The tabulated post-treat¬ 
ment value is derived from analyses of urine collected during the first 
post-treatment day. To facilitate estimates of the effects of treatment tlie 
mean treatment levels (A) are compared with mean control levels (B) 
and the ratio A/B presented in the table. 

By compounds, the following effects were observed; 

(a) desoxycorticosterone acetate: increase in FC and no change in mean 
17-KS during treatment but an increase thereafter; in terms of the injected 
steroid, the yield of FC is 0.11%. 

(b) cortisone acetate: increases in FC and 17-KS during treatment; 
FC yield is 0.63%. 

(c) hydrocortisone acetate: increases in FC and 17-KS roughly as ob¬ 
served with cortisone acetate; FC yield 0.8%. 

(d) cortisone: increases in FC and 17-KS; FC yield 1.07%. 

(e) hydrocortisone: increases in FC and 17-KS; FC yield 0.8%. Yields 
of 17-KS from hj^drocortisone and cortisone alcohols are somewhat less 
than were observed during treatment with their respective acetates. 

(f) dehydro corticosterone and corticosterone acetates do not increase 
urinary 17-KS; FC was not observed. 

(g) testosterone: no change in FC; increase in 17-KS with a net yield 
of 11% as 17-KS. 

The outputs during the first post-treatment days show abrupt remissions 
of the changes observed during treatment to values approximating or less 
than those of control periods. 

II. Normal Rats: Subcutaneous Administration 

Data are summarized in Table 2 in a manner corresponding to that of 
Table 1. Only 3 compounds were tested. 

(a) desox 3 ''corticosterone acetate: in contrast to oral administration, 
there is no change in FC; changes in 17-KS correspond to those described 
above. 

(b) cortisone acetate: treatment increases FC and 17-KS as during oral 
administration. 
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(c) h 5 '^drocortisone acetate: increases in FC and 17-KS during treat¬ 
ment; net yield of FC is only 0.19%, which is one-quarter of the yield 
found after oral dosage; net increase of 17-KS was one-third less than was 
found after oral dosage. 

In contrast with oral dosage, the values found on the first post-treatment 
day are has high as those found during treatment; decreases to or towards 
normal values occur during the 3 succeeding days. 

III. Subtotally Hepatectomized Rais 

Data are summarized in Table 3 in the manner of Table 1. 

(1) Effect of the operation: FC increases abruptly and then decreases 
to subnormal values over the 5 postoperative days; the mean change is 
an increase. Roughly parallel changes occur in 17-KS, although the mean 
shows no change. 

(2) Effects of steroids: These, with the exception of desoxycortico- 
sterone, were given only orally. In the ratios A/B of FC, net A (treatment 
mean) is calculated as observed value less the mean postoperative value 
(25 fxg.) in the group. The ratios of 17-KS are not similarly “corrected,” 
because of the rough equality of pre- and postoperative means in the con¬ 
trol group. 

(a) desoxycorticosterone acetate: orally, FC increases and 17-KS is 
unchanged, as in normal animals; subcutaneously, it slightly increases FC. 

(b) cortisone acetate: the increase in FC is more than twice that found 
in normal animals, while the increase in 17-KS is the same. 

(c) hydrocortisone acetate: again, the increase in FC is roughly twice 
that found in normal animals; the output of extra 17-KS was not affected 
by the operation. 

(d) cortisone: the increase in FC is roughly 4 times that found in normal 
animals; 17-KS excretion is not affected. 

(e) hj^drocortisone: the increase in FC is 3 times that found in normal 
animals; again, 17-KS output is not altered. 

(f) dehych’ocorticosterone acetate: no values of FC output during treat¬ 
ment were available from normal animals; however, the augmentation of 
FC output is similar to that observed after cortisone and hydrocortisone; 
17-KS output was slightly increased by this compound in contrast to the 
observations in normal animals reported above. 

(g) corticosterone acetate: only 17-KS was observed; as with dehydro¬ 
corticosterone acetate, the output was slightlj’’ increased by steroid treat¬ 
ment. 

In these expermients, as in those in normal animals given steroids oraUjq 
outputs fell to or towards control levels abruptlj’’ on cessation of treatment. 
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DISCUSSION 

The mechanism of renal excretion of steroid hormones and their metab¬ 
olites is obscure. Certain presumptions seem justified. Most circulating 
steroid hormone is protein-bound and not available for renal excretion 
by glomerular filtration. The fraction of steroid in free solution, and that 
conjugated in a relatively water-soluble form, are subject to glomerular fil¬ 
tration. Consequently, the determinant of the urinary output of adminis¬ 
tered steroids or of steroid metabolites is the concentration of free and 
combined steroid in plasma water. This function at constant dosage, rate 
of absorption and protein concentration, will vary inversely with the rate 
of steroid catabolism. The variables tested in the above experiment can 
be considered in terms of these considerations. 

(a) The Nature of the Compound. Both cortisone and hydrocortisone, 
either as alcohol or acetate, without regard to the route of administration 
qr the integrit}'' of liver function, increase urinary 17-KS; in normal ani¬ 
mals acetates of desox 3 '’corticosterone, delD'^dorcorticosterone and corticos¬ 
terone do not. This accords with previous demonstrations, cited above, 
that C-17-h.ydroxylated corticosteroids act as 17-KS precursors. In some 
observations in human beings cortisone has been observed to decrease 
urinarj'- 17-KS, presumably by suppressing endogenous cortical secretion 
(Polley and Mason, 1950; Villa, Ballabio and Sala, 1952). However, in 
our experiments and in clinical observations of increased post-cortisone 
17-KS outputs, the doses used have been large. 

All corticosteroids tested increased urinary FC. The largest jdelds fol¬ 
lowed administration of cortisone and the least that of desoxjmorticosterone 
acetate. Presumablj'- this reflects the more rapid absorption of cortisone 
and its comparative!}^ large solubility in plasma (Macek, et al., 1952). 

The independent variations of FC and 17-KS seen in disease can, from 
the above observations, be attributed to changes in the composition of 
adrenal cortical secretion; this secretion is believed normally to contain 
largel}'" hj'-drocortisone, a 17-hydroxylated steroid, and corticosterone 
(compound B) which has no 17-h3'-droxyl (Reich, Nelson and Zaffaroni, 
1950). Changes in the relative proportions of these two constituents would 
account for the variable relationship of urinaiy 17-KS and FC; thus, an 
increase in the corticosterone content would increase FC while 17-KS 
would be unchanged or decreased. In this connection also, unstable and 
frequently high outputs of FC are found in many patients with hyper¬ 
tensive disease (Corcoran, Page and Dustan, 1950); the low or absent 
jdelds of FC observed during treatment of rats with desoxy corticosterone 
indicate that these increases in FC output cannot be attributed to in¬ 
creased secretion of desoxycorticosterone-like compounds. Rather, as noted 
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elsewhere (Dustan, Mason and Corcoran, 1953) the increments in pH 1 
extractable FG found in hypertension can be ascribed to decreases in the 
proportion of FC excreted as glucuronide. 

(b) The State of Esterification. The comparisons here available are 
between alcohols and acetates of cortisone and hydrocortisone. Orally, 
the alcohols yielded somewhat less 17-KS than the acetates in normal rats; 
outputs of FC were roughly the same with both forms of the steroids. In 
human beings, however, the orally administered acetates seem more effec¬ 
tive in increasing 17-KS than do the alcohols (Fajans, Louis and Conn, 
1951 a). 

(c) The Route of Administration. As concerns 17-KS, the notable 
difference between oral and subcutaneous administration is the greater 
increase elicited by oral hydrocortisone acetate. This difference is even 
greater in tiie case of FC; it prer'^ails, in lesser degree, in the increment of 
FC which fellows oral desoxycorticosterone acetate and the lack of effect 
on FC of this steroid given subcutaneously. Similarlj'^, in human beings, 
oral hjdro cortisone acetate causes greater increments in urinary 17-KS 
and FC than does intramuscular (Fajans, Louis and Conn, 1951 a). In 
this regard, Nelson et al., (1952) found that oral dosage with either hydro¬ 
cortisone or cortisone acetates causes a prompt rise in plasma 17-hydi-oxy- 
steroid concentration, while intramusuclar dosage has little or no effect. 
This difference reflects slow absorption from intramuscular deposits de¬ 
pendent on the poor solubility of the steroid esters in body fluids (Macek 
ei al., 1952). This slow absorption has the effect that excretion of FC from 
subcutaneously deposited corticosteroid continues over several days, 
whereas the effect of oral corticosteroid on FC disappears on the day after 
withdrawing treatment. 

(d) Effects of Subtotal Hepatectomy. Patients suffering from moder¬ 
ate or advanced hepatic cirrhosis sometimes show increases in urinarj'^ 
RC and FC associated with decreases in 17-KS (Bongiovanni and Eisen- 
menger, 1951); these abnormalities can be attributed to defective hepatic 
catabolism of normal or increased amounts of endogenous corticosteroids. 
On the other hand, irormal values of urinaiy FC were observed b}’’ Mason 
(1951) in a group of jaundiced patients witli various forms of liver disease; 
the same was observed (Butt et al., 1951) in 2 jaundiced patients in whom 
also cortisone administration elicited roughly “normal” increases of urinary 
FC and actual decreases of 17-KS. More recently Chapman ct al., (1952) 
found that cortisone treatment did not alter 17-KS excretion in 3 cirrhotics. 
Thus, experiments in 2 jaundiced and 3 cirrhotic patients suggest that the 
low outputs of 17-KS in liver disease may be due to decreased hepatic 
synthesis of 17-KS from precursor steroids; on the other hand, the data 
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of Mason (1951) and of Butt et al. (1951) do not agree with the concept that 
hepatic disease is associated with inadequate degradation of the corticos¬ 
teroid side-chain. The above experiments in subtotally hepatectomized 
rats were designed to explore these mechanisms as affected by one type of 
hepatic insufficiency. 

The operation itself caused a transient (3 days) increase in FC with some¬ 
what parallel changes in 17-KS; both presumably reflect the release and 
conversion of endogenous corticosteroids as a result of trauma. 

The effects of exogenous steroids on urinary FC and 17-KS in the pres¬ 
ence of experimental hepatic insufficiency can best be observed by com¬ 
parisons of the ratios A/B as between Tables 1 and 3. 


Table 1. Effect of orally administered steroids on 17-KS and FC 

IN normal rats 

Outputs in Mg- per 24 hours 


Compound 


Control 1 
(B) 

Treatment days 

Treat¬ 

ment 

Post- 
treat¬ 
ment 
1st day 

A/B 



1 

2 

3 

4 

5 

mean (A) 

Desoxycorticosterone 

FC 

11.2 

29 

28 

15 

18 

19 

22 

12 

2.0 

Acetate 

17-KS 

190 

174 

157 

195 

113 

230 

174 

293 

.9 

Cortisone Acetate 

FC 

11.2 

98 

126 

40 

63 

37 

74 

9 

6.6 


17-IfS 

144 

478 

441 

738 

494 

384 

507 

129 

3.5 

Hydrocortisone 

FC 

11.2 

86 

152 

73 

73 

00 

91 

5 

8.1 

Acetate 

17-KS 

73 

291 

343 

189 

427 

245 

299 

95 

4.0 

Cortisone 

FC 

11.2 

60 

_ 

107 

108 

192 

118 

13 

10.5 


17-KS 

112 

' 172 

235 

417 

— 

146 

242 

79 

2.2 

Hydrocortisone 

FC 

11.2 

120 

50 

96 

92 

_ 

91 

7 

8.1 

i7-k:s 

114 

263 

196 

192 

264 

461 

275 

219 

2.4 

Dehydrocorticosterone 

17-KS 

179 

167 

181 

153 

210 

— 

179 

166 

1.0 

Corticosterone Acetate 

17-KS 

IGO 

170 

175 

144 

— 

— 

103 

179 

1.0 

Testosterone 

FC 

11.2 

20 

13 

9 

11 

15 

14 

7 

1.3 


17-KS 

189 

949 

475 

1048 

2380 

1220 

1214 

218 

6.4 


Table 2. Effects of subcutaneously adiMinistered steroids on 17-KS 

AND FC in normal rats 

Outputs in fig- per 24 hours 


1 

Compound 

1 Control 

(B) 

1 

Treatment days 

2 3 4 

5 

Treat¬ 
ment 
mean (A) 

Po.st- 

treat- 

ment 

1st day 

1 A/B 

Desoxycorticosterone 

FC 

11.2 

21 

14 

14 

5 

6 

12 

N.D.* 

1.1 

Acetate 

17-KS 

199 

182 

151 

256 

180 

220 

197 

304 

1.0 

Cortisone Acetate 

FC 

11.2 

58 

66 

71 

100 

67 

72 

106 

0.4 


17-KS 

118 

440 

429 

491 

333 

504 

439 

453 

3.7 

Hydrocortisone 

FC 1 

11.2 

28 

12 

47 

26 

37 

30 

34 

1 2.7 

Acetate 

17-KS 1 

87 

114 

285 

188 

310 

290 

237 

231 

2.7 


* N.D. =Not detectable. 


First, subtotal hepatectomy does not alter new formation of 17-KS from 
exogenous corticosteroid. In this respect, this experimental insufficiency 
contrasts with that observed in the 2 patients of Butt ei al., (1951) whose 
17-KS outputs decreased during treatment with cortisone. Evidently the 
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Table 3. Effects of oballt administered steroids on 17-KS and FC 
IN rats subtotally hbpatectomized 

Outputs in fig. per 24 hours 


Compound 

Control 

(B) 

Treatment days 

Treat¬ 
ment 
mean (A) 

Po'^t- 

trcat- 

ment 

1st day 

A/B 

1 

2 

3 

4 

5 


FC 

11.2 

61 

31 

21 

1 

9 

25 

N.D.* 

2.2 


17-KS 

158 

213 

154 

114 

140 

215 

167 

177 

1.1 

Desoxycorticosterone 

FC 

11.2 

66 

42 

49 

30 

43 

46 

6 

1.87 

Acetate 

FCt 

11.2 ! 

64 

46 

36 

49 

50 

49 

21 

2.14 


17-KS 

164 

174 

132 

136 

190 

299 

182 

344 

1.1 

Cortisone Acetate 

FC 

11.2 

9S 

151 

270 

294 

121 

187 

5 

14.4 


17-KS 

17o 

336 

588 

560 

521 

531 

507 

185 

2.9 

Hydrocortisone 

FC 

11.2 

189 

296 

3G2 

130 

64 

208 ! 

11 

16.3 

Acetate 

17-KS 

159 

408 

697 

1151 

621 

555 

686 

134 

4.3 

Cortisone 

FC 

11.2 

562 

550 

500 

274 

_ 1 

471 

16 1 

39.8 


17-KS 

124 

341 

455 

264 

196 

257 

300 

132 ; 

2.4 

Hydrocortisone 

FC 

11.2 

484 

296 

292 

302 

125 

312 

10 

25.6 

17-KS 

176 

660 

599 

558 

429 

422 

534 

165 

3. 

Dehydrocorticosterone 

FC 

11.2 

312 

349 

300 

292 

_ 

313 

N.D.* 

25.7 

Acetate 

17-KS 

IS! 

370 

252 

182 

155 

— 

239 

133 

1.8 

Corticosterone Acetate 

17-KS 

172 

277 

364 

316 

378 

- 

334 ’ 

146 

1.9 


* N.D. «Not detectable, 
t Subcutaneous Administration. 


kind or degree of hepatic insufficiency elicited by sub-total hepatectomy 
is not enough to alter the conversion of corticosteroid to 17-KS; from this 
it would seem likely that deficient hepatic formation of 17-KS is not an 
adequate explanation of the low 17-KS outputs seen in clironic liver disease. 
Rather, the defect may be akin to that which decreases 17-KS output in 
most debilitating illness. 

Secondly, the data show that subtotal hepatectomy increases FC output 
in response to injections of corticosteroids other than desoxycorticosterone. 
Since degradation of the steroid side-chain is effected in part by the liver 
(Schneider and Horstman, 1951; Louchart and Jailer, 1951), the effect of 
sulD-total hepatectomy on FC output can be attributed to defective hepatic 
degradation of the steroid side-chain. In this respect also, the subtotally 
hepatectomized rat differs from the 2 patients observed by Butt et al. 
(1951). The data accord with those of Bongiovanni and Eisenmenger 
(1951), whose patients were observed during illness due to cirrhosis and 
ascites; the disparate observations of Mason (1950) were made in patients 
observed because of the presence of jaundice. 

SUMMARY AND CONCLUSIONS 

Observations of urinary outputs of 17-KS and FC were made in normal 
and subtotally hepatectomized rats given exogenous corticosteroids in 
large doses over brief periods. 

The data confirm the function of C-17-h5ffiroxjdated corticosteroids as 
17-KS precursors. The variable excretions of 17-KS and FC in clinical 
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disease can be attributed to variations in the content of C-17-hydroxylated 
steroid in the secretion of the adrenal cortex. 

Among the compounds tested, cortisone alcohol caused the greatest 
and desoxycorticosterone acetate the least increase in FC. As between the 
steroid alcohols and acetates, both yielded comparable increments of FC; 
the alcohols yielded somewhat lessl7-KS. 

Oral, as compared with subcutaneous administration was more effective 
in increasing urinary FC; this difference was especially marked with 
hydrocortisone and desoxycorticosterone. 

Provisions of exogenous corticosteroids to subtotally hepatectomized 
rats augment the output of FC, presumably because of impaired hepatic 
degradation of the steroid side chain; the new formation of 17-KS from 
exogenous steroid is not impaired. Consequently, while the increase of FC 
sometimes seen in chronic liver disease can be attributed to defective liver 
function, the decreases of 17-KS which commonly occur in such conditions 
may reflect extrahepatic effects of chronic disease. 
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THE LAURENTIAN HORMONE CONFERENCE 

The Laurential Hormone Conference of the AAAS will hold its 1953 
annual meeting at Mont Tremblant Lodge, Mont Tremblant, Quebec 
during the period September 6-11. Interested investigators and specialists 
in the hormone field may apply for attendance by writing to the Commit¬ 
tee on Arrangements, 222 Maple Avenue, Shrewsbury, Mass., for appli¬ 
cation blanks. Since accommodations at the hotel necessarily limit the 
attendance, only those persons submitting applications can be considered. 
The application blanks must be received by the Committee no later than 
May 15 m order to insure issuance of invitations as soon as possible there¬ 
after. 

The following program has been arranged: 

I. Nervous system-hormone interrelationships 

The central nervous system and stress-induced eosinopenia. 

Dr. E. W. Porter, Univ. of Calif. School of Medicine at Los Angeles 
Studies of brain metabolism and electrical activity in relation to adrenocortical 
physiology. 

Dr. Hudson Hoagland, The Worcester Foundation for Experimental Biology 
Effects of hormones on cerebral function. 

Dr. D. M. Woodbury, Univ. of Utah School of Medicine 

II. Thyroid Hormone physiology and biochemistry 

Triiodothyronine in relation to thyroid physiology. 

Drs. J. Gross and R. Pitt-Rivers, National Inst, for Medical Research, London, 
and State Univ. of New York Medical Center 
Metabolic effects of thyroid hormones in vitro. 

Drs. H. A. Lard}^ and G. Feldott, Univ. of Wisconsin School of Medicine 

III. Comparative endocrinology 

Endocrine mechanisms in the life of insects. ‘ 

Dr. D. Bodenstein, U. S. Army Chemical Center, Maryland’ 

Hormones produced by neurosecretory cells. 

Drs. Ernst and Berta Scharrer, Univ. of Colorado Medical Center 

IV. Protein Hormones 

The preparation and chemistry of crystalline insulin. 

Dr. R. G. Romans, Connaught Medical Research Laboratory 
The chemistry of ACTH. 

Drs. E. E. Hays and W. F. White, The Armour Research Laboratories 

V. The role of hormones in blood and blood-forming organs 

Endocrine factors and radiation-induced lymphoid tumors of mice. 

Dr. Henr 3 '^ S. Kaplan, Stanford Univ. School of Medicine 
Endocrine influences upon the formed elements of blood and blood-forming org .ns. 
Dr. Albert S. Gordon, Washington Square College, New York Univ. 

VI. Aspects of Clinical Endocrinology 

Some problems related to ovarian function and to pregnanc 3 ^ 

Dr. B. Zondek, Rothschild Hadassah Univ. Hospital, Jerusalem 
Clinical studies on electrolyte and fluid metabolism. 

Dr. Rolf Luft, Serafimerlasarettet, Stockholm 
Endocrine-metabolic studies in man. 

Dr. J. W. Conn, Univ. of Michigan School of Medicine 
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THYROTROPIN ASSAY BASED ON THE DEPLETION 
OF IODINE IN CHICK THYROIDS ■ 

L. J. PIOTROWSKI, S. L. STEELMAN and F. C. KOCH^ 

From the Endocrinology Section, Fundamental Research Department, 

The Armour Laboratories, Chicago, Illinois 

T hyrotropin assays have been based on either the secondary 
effects due to the increased acthdty of the stimulated thyroids or on, 
one or more of the specific effects induced on the thyroid gland by the TSH 
stimulation of the glandular secretory mechanism. The former assays have 
been predominantly based on the accelerated metamorphosis of the 
amphibian larvae (Cuyler et ah, 1936; D’Angelo and Gordon, 1950), while 
the latter assays have been based on the increase in thjToid weight 
(Rowlands and Parkes, 1934; Smelser, 1938; Bergman and Turner, 1939), 
on the increase in acinar cell height (Starr and Rawson, 1937; Rawson 
and Salter, 1940; Adams, 1942), on the appearance of a histological 
response (Jorgensen and Wade, 1941; Ciereszko, 1945), on the increase 
in the intracellular colloid droplets of the thyroid gland (Dvoskin, 1947) 
and on the decrease in the thyroid iodine content (Stimmel et al., 1936; 
Cuyler et al., 1936). Excellent reviews of the existing thjTotropin assay 
methods have been included in the articles by White (1944), Adams and 
Beeman (1946) and Albert (1949). 

The method presented in this paper is based on the depletion of iodine 
in the thyroids of chicks. It is dependent on the comparison of the responses 
oirtained from TSH preparations of unknown potencies with the responses 
elicited bj’' 2-3 levels of a standard TSH preparation run concomitantly. 

MATERIALS AND METHODS 

AVhite Leghorn cockerels (from several midrvest hatcheries) 1-2 days of age, averaging 
30-45 gm. in body weight were utilized. These chicks, kept in a brooder at a fairly 
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constant temperature, were maintained on a commercial chick starter mash (Purina) 

Three different kinds of materials were used as reference TSH standards at the three 
stages of assay development. Initiallj’’, beef anterior pituitary acetone powder, BAP §\ 
was used. This was then superceded by 2R3 with an assumed TSH potency of 100%, 
It was a partiall}'^ purified TSH obtained alkaline-alcohol fractionation of a beef 
anterior pituitary acetone powder. Its hormonal eontaminants included ACTH (.06 
i.u. per mg. by the ascorbic acid depletion method), gonadotropin (approximately 6 
Collip units per mg.), growth hormone (approximately 15% of pure beef growth hormone 
by the 10 day weight gain method in hypophysectomized rats), oxytocin (.03 U.S.P. 
units per mg.) and pressor (less than 0.03 U.S.P. units per mg.). Finally the U.S.P. 
Reference Thyrotropin replaced 2R3 as the standard. lOne U.S.P. thyrotropin unit is 
that amount of th 5 U-otropin activity contained in 20 mg. of the U.S.P. Reference Sub¬ 
stance; in terms of activity, 2.70 mg. of 2R3 is equivalent to one U.S.P. unit. 

The samples containing unknown amounts of thyrotropin included 317-51 which 
was used in the preparation of the U.S.P. Th 3 wotropin Reference Substance, various 
TSH fractions, clinical FSH, ACTH, LH and growth fractions as indicated below. 

Upon arrival, 100-200 chicks were individualty marked with colored dj’^es, randomly 
distributed into ten groups of approximatelj"- equal size and injected subcutaneously 
with 0.2 ml. of an appropriate solution. The groups consisted of a control group injected 
with saline, 2-3 groups treated with 2-3 levels of the standard TSH BAP #1 (2R3 or 
U.S.P. Th 3 'rotropin Reference Substance) and several groups treated with th 3 'rotropin 
fractions of unknown potencies (1-2 levels eacli). The TSH samples were dissolved in 
saline at approximately i)H 7.5 with the aid of 0.1 N NaOH and stored in a deep freeze 
between injections. 

The chicks were injected once dail 3 ' for three days. On tlie fourtli da 3 ', food was 
withheld very earl 3 " in the morning. Twenty-four hours after the last injection, the 
chicks were killed with ether. The th 3 ''roids were carefull 3 ’’ dissected out, as de-scribed 
by Cope (1938), rapidl 3 ' weighed to the nearest 0.1 mg. on a Roller-Smith torsion balance 
and placed in vials containing redistilled 95% ethanol. One to two pairs of these th}'- 
roids were stored in each vial so that each group liad ten vials for ten iodine determina¬ 
tions. The thyroids were tlien assa 3 'ed for the total iodine content according to the 
method of Walaszek-Piotrowski and Koch (1952), the results being calculated as micro- 
grams of iodine per milligi-am of wet th 3 u-oid tissue. 

The iodine responses elicited in the th 3 u-oids of tlie chicks injected with the TSH 
samples of unknown potencies were compared with the responses of the chicks treated 
with the reference TSH. Potenc 3 ' ratios and standard errors were calculated by means 
of the Irwin log dose method (1937). The potencies were reported as percentages of 
TSH activity of standard 2R3 or as U.S.P. units of TSH per mg. sample. 

RESULTS 

As the initial source of thyrotropin, beef anterior pituitary acetone 
powder, BAP #1, was utilized. For injection purposes, it was triturated 
with saline, brought up to a volume containing 50 mg. of total solids per 
ml., extracted at a pH of 7.5 for four hours 3vith constant stirring at room 
temperature and centrifuged. The resultant supernatant containing 30 mg. 
of total protein per ml. was then used as a reference standard for the assay 
of TSH. The doses 1.1, 2.2 and 4.5 mg. of BAP #1 gave a graduated de- 
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crease of thyroid iodine such that, when the responses (pg. iodine per mg. 
thyroid) were plotted against the log doses, a straight line resulted. When 
the dosage of this pituitaiy standard TSH was extended to include up to 
36 mg. of BAP fl, the iodine responses tended to plateau while the thyroid 
weight responses did not (see Fig. 1). Consequentlj'', 1.1, 2.2 and 4.5 mg. 



0 O.Z 0.6 1.0 1.4 

LOG DOSE OF B A P(MG.) 


Fig. 1. Depletion of thyroidal iodine and increase in thyroid weight with acetone 
powder of beef anterior pituitary 

of BAP #1 were used as a standard reference dose, and the thyroid iodine 
responses were used as the basis for TSH assaj'^ calculation. 

As the fractionation of thju’otropin from beef anterior pituitary acetone 
powder proceeded, a large quantity^ of purer TSH fraction, 2R3, was ob¬ 
tained. It assayed 2100 + 600% of BAP #1 and since it was onlj’" slight^ 
contaminated with other pituitary hormones, it replaced BAP #1 as the 
reference standard. A total dose of 80 pg. of this TSH fraction gave a 
30-50% decrease in thyroid iodine usually without an}^ tliju’oid weight 
response. The total doses finallj’' utilized were 25 pg., 50 pg., and 100 pg. 
or 40 /ug., SO fxg;, and 150 gg. A typical assa}’’ is shown in Table 1. The 
samples tested were various thyrotropin preparations with the exception 
of K4540SR, a clinical FSH sample. 

As a final step in this assaj'- development, a U.S.P. Thyrotropin Refer¬ 
ence Substance replaced the 2R3 as the reference standard. For purposes 
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Control 

Standard 2R3 

TSH /3 

TSH 

2 -f-3RW 

K45408-R 

317-51 

U.S.P. TSH 


0.040 mg. 

0,080 mg. 

O.IGO mg. 

0,080 mg. 

0.080 mg. 

0.530 mg. 

0.032 mg. 

0.016 u. 

0.032 u. 

Average Thyroid Weight (mg.) 

3.2 

3.2 

3.2 

3.7 

3.4 

3.7 

3.8 

3.2 

3.5 

3.5 

15* 

14* 

15* 

15* 

15* 

13* 

15* 

15* 

15* 

15* 




Thyroid Iodine Content (fig. I/mg. thyroid) 




1.64 

1.43 

1.12 

0.58 

1.28 

0.95 

0.63 

1.01 

1.39 

0.90 

1.33 

1.38 

0.88 

0.44 

1.03 

0.76 

0.52 

0.98 

1.18 

0.81 

1.21 

1.17 

0.81 

0.44 

0.82 

0.66 

0.44 

0.93 

1.16 

0.(56 

1.20 

0.92 

0.73 

0.42 

0.71 

0.60 

0.38 

0.57 

0.97 

O.Gl 

0.97 

0.83 

0.G8 

0.41 

0.G3 

0.41 

0.35 

0.54 

0.91 

O.GO 

0.91 

0.80 

0.57 

0.34 

0.61 

0.40 

0.33 

0.51 

0.69 

0.42 

0.88 

0.74 

0.49 

0.32 

0.57 

0.39 

0.32 

0.48 

0.54 

0.41 

0.81 

0.73 

0.44 

0.31 

0.54 

0.35 

0.22 

0.40 

0.41 

0.28 

0.77 

0.G8 

0.39 

0.17 

0.40 

0.32 

0.21 

0.37 


0.27 

0.70 

O.GO 

0.23 


0.36 

0.25 

0.15 

0.34 



1.04 

0.93 

0.63 

0.38 

0.70 

0.51 

0.36 

0.61 

0.91 

0.55 


* Subscripts indicate number of animals per group. 

TJsing Irwin’s log dose method for calculation of 'TSH potencies, the results are: 

TSH #3. 88 ±20% of Standard TSH 2R3 

TSH 2+3R\V.140 ±33% of Standard TSH 2R3 

K45408-R. 31 ± 8% of Standard TSH 2R3 

317-51..280±65% of Standard TSH 2R3 

USP.300±S5% of Standard TSH 2R3 


of assay, the doses 0.0125, 0.025, and 0.050 units of U.S.P. TSH have 
befen used (these are approximately equivalent to 40 pLg., 80 ng., and 160 fig. 
of th 3 Totropin sample 2R3). The 0.025 unit dose decreased the iodine 
contant of the chick thyroids 30-60% without usually affecting the thy¬ 
roid weight. 

DISCUSSION 

Cockerels other than the White Leghorns used were tested for their 
sensitivity to TSH but were found to be unsuitable. The normal guinea 
pig and hypophysectomized rat ivere found to be very much inferior to 
the two day old White Leghorn cockerel. The guinea pig was found to be 
especially insensitive to TSH as 2.0 mg. of TSH #2113 gave no decrease in 
thyroid iodine and only 35% increase in the mean thju-oid weight. On the 
other hand, a dose of 2.0 mg. TSH /2R3 in the hypophysectomized rat 
caused a mean 18% decrease in thjToid iodine as compared to hypophysec¬ 
tomized controls and no increase in thyroid weight. 

The White Leghorn cockereles have been found, thus far, to be the only 
breed of chicks very sensitive to thyrotropin. However, there were periods 
of variation in their sensitivity to TSH. These chicks seemed to be most 
sensitive in June and August, and least in April, November and December. 
To avoid variations in responses, a routine of injecting twice daily for 
three days was studied, but this resulted in responses no different than the 
one injection per day routine. This could be explained readily because of 
the prolonged action of TSH on the thjmoid (see Table 2), the effect being 
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apparent 72 Jiours after a single injection of TSH. A one dose assay Avas 
then studied. One hundred chicks were injected once subcutaneously with 
0.2 ml. solution, autopsied tAvo days later, and the thyroid iodine determi¬ 
nations Avere performed as described aboAm. The responses were poor. 
Thei'e A\'as a 12% decrease in iodine at the 12 gg. leA^el of 2R3, a 40% 
decrease at the 50 pg. leAml and only a 54% decrease at the 3.2 mg. leAml. 
Finally the thyroid Aveight response method AAms inA^estigated and resulted 
in poorly graded, A^ariable responses to graded TSH doses (0.4 gm. to 3.2 
mg.). Consequently, the TSH preparations, in this laboratory, haAm been 
assayed using the iodine depletion of the thyroids of two da}’- old White 
Leghorn cockerels as described aboA’e. 


Table 2. Thyroid iodine of chicks injected once with 3 mg. of 2R3 

AND AUTOPSIED'AT VARIOUS INTERVALS 


Hours after 
injection 

Number of 
chicks 

Average thj'roid 
weight, mg. 

Average* thj’roid 
iodine, y/mg. 

0 

10 

3.6 

2.26 

0.5 

10 

3.4 

2.39 

1 

10 

3.8 

2.25 

2 

10 

3.5 

1.96 

3 

10 

4.7 

1.71 

.4 

10 

4.3 

1.65 

7 - 

10 

4.3 

1.59 

24 

10 

3.4 

1.46 

32 

10 

3.3 

1.41 

48 

10 

3.4 

1.27 

72 

10 

4.2 

1.31 • 

72 

(Control) 

10 

3.9 

2.20 


* One determination on the pool of all the th 3 'roids of one group. 


To note Avhether the thyrotropin potencies as obtained by this method 
Avere duplicable, two samples of TSH #317-51 and TSH #3 were subjected 
to seA’eral TSH assays OA’er a period of seA'^eral months using the chicks 
from one source (Berry’s Hatchery, Illinois). These tAA’o TSH fractions 
AA’ere of different degrees of purity and actiA’ity; TSH #3 Avas a by-product 
of TSH fractionation Avhile #317-51 was used in the preparation of the 
U.S.P. Thyrotropin Reference Substance. The results are shoAAm in Table 3. 
The AA’eighted mean standard errors obtained were 14.5% for TSH #3 
and 7% for 317-51. 

To note if the TSH contamination of other pituitary products could be 
detected by this method, a series of crude and potent hormonal fractions 
(other than TSH) AA’ere assayed. The results obtained (see Table 4) indi¬ 
cated that this assay method was very sensitiA’e and could detect TSH 
contamination in anterior pituitary hormonal fractions at levels as low 
as 0.3% of 2R3. 
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Table 3. Thyrotropin assay results on TSH jfZ and 317-51 


Yohime 32 


Sample 

Reference 

standard 

Levels of 
sample 
per assay 

TSH potency 

% of 2R3 

U.S.P. u./mg.* 

TSH #3 IGO 

2R3 

1 

170+78 


161 

2R3 

1 

70+34 


162 

2R3 

1 

93+43 


165 

2R3 

1 

88 + 20 


166 

2R3 

X 1 

103+26 


Weighted Mean 



89 + 13 


317-51 149 

2113 

2 

270+ 78 

1.0+0.3 

150 

2R3 

2 

350 + 140 

1.3+0.5 

153 

2R3 

1 

180+ 30 

0.7+0.1 

154 

2R3 

3 

220+ 28 

0.8+0.1 

165 

2R3 

1 

280+ 65 

1.2+0.3 

166 

2R3 

2 

250+ 43 

1.0+0.2 

167 

2R3 

1 

.340+ 65 

1.4+0.3 

168 

USP 

1 


0.6+0.2 

171 

USP 

2 


1.3+0.4 

172 

USP 

2 


0.9+0.3 

173 

USP 

2 


1.6+0.2 

174 

USP 

2 


1.4+0.2 

Weighted Mean 



242± 17 

1.1 ±0.06 

* 2R3 contains 0.37 U.S.P. 

units per milligram. 



Table 4. TSH content of some pituitary substances 


Sample % of standard TSH 2R3 

'A_ rv o I A t 


Fresh beef anterior pituitary 

0.8+0.1 

Beef anterior pituitary, acetone powder 

5.0±0.2 

Sheep pituitary, acetone powder 

1.7 + 1.0 

Fresh hog pituitaiy 

1.0+0.4 

Hypothalamic extract 

0 

Prolactin, 2R-CR1 

0 

LH, FW-2342 

9.7+3.3 

FSH, PFC-7C--’ 

35.0±11 

Growth hormone 22KR2' 

3.4±3.1 

ACTH 58-9(50)5 

0.3+0.1 


’ Contained 29+8 International units of prolactin per mg. 

2 Assayed 113 + 19 Collip units per mg. 

^ Assayed approximatelj^ 250 Collip units per mg. 

■* Armour’s growth hormone standard having a potency of 100%. 
^ Assajmd 1.8 International units ACTH per mg. 


SUMMARY 

A thyrotropin assay method based on the depletion of thyroid iodine 
has been developed which is dependent on a comparison (by means of the 
log dose method of Irwin) of responses obtained from unknown TSH 
preparations run at one or two levels to the responses obtained from two 
to three levels of a standard thyrotropin preparation. The two level assay.s 
gave TSH potencies with a standard error of approximately 25%- 
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CORRELATION OF PREPARATIVE HISTORY AND 
METHOD OF ASSAY OF CORTICOTROPIN 
WITH CLINICAL POTENCY 


R. E. THOMPSON and J. D. FISHER 

Research Deparlment, The Armour Lahoralories, Chicago, Illinois 

INTRODUCTION 

I T IS well known that different ACTH assay methods give different 
results, but the reasons for this have not been fully elucidated. 

Li (1952) has pointed out the discrepancies in evaluation of ACTH 
activity by different assay methods, which include the adrenal ascorbic 
acid depletion test of Sayers et al. (1948), the adrenal weight maintenance, 
and the hypertrophj'’ and repair tests. Reinhardt et al. (1951) have empha¬ 
sized the importance of applying several assay methods in the study of 
various ACTH preparations and the importance of absorption rates in 
assay methods. Discrepancies in potency estimates by the various assay 
means have also been noted by Young et al. (1951), Dixon et al. (1951) 
and Moyer et al. (1952). From the evidence presented there has fre¬ 
quently risen the postulate of two factors, one of which effects adrenal 
weight, and the second depletion of adrenal ascorbic acid. 

Bruce, Parkes and Perry (1952) have studied the thymus involution 
response of nestling rats to ACTH and elaborated an assay method based 
upon this criterion of activity. Their method utilized litter-mate nestling 
rats, three dail}'' injections of ACTH suspended in an oil-beeswax medium, 
and autopsy to obtain thymus weight twenty-four hours after the last 
injection. 

In comparing the results of assay methods involving thymus or adrenal 
weight with the results obtained by the Sayers technique it must be borne 
in mind that the Sayers method utilizes intravenous injection of test doses 
while most other methods utilize subcutaneous or intramuscular injection. 

There has been little clarification of the relative importance of routes 
of administration when different results have been obtained by different 
methods of assay. In addition, the variable results obtained by the several 
methods of assay have not been correlated ivith clinical activity. An 
abstract of the preliminary phase of these studies was reported by Fisher 
and Thompson (1952). 

Received for publication August 22, 1952. 
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MATERIALS AND METHODS 

An experimental, purified ACTH in 16% gelatin standard was prepared for subcu¬ 
taneous assay purposes. The term "purified’’ denotes preparations adsorbed and eluted 
from cellulose by methods originating in our laboratory and bj' the method described 
by Astwood et ah (1951). This standard was prepared by mixing equal unitage from each 
of three lots of purified ACTH in gelatin. These lots had been clinically assayed by sev¬ 
eral investigators and each was found to be two to four times as potent in terms of 
intravenously assa 3 md International Units as other ACTH preparations in gelatin when 
administered subcutaneouslj' or intramuscularly. On the basis of the assays on each 
lot bj"^ the intravenous method, and on the basis of intravenous assaj' of the finished 
mixture, the experimental standard contained 40 + 4.0 i.u./cc. The standard has been 
stored frozen in small aliquots with no indication of potencj' change over a period of 
12 months. 

All test solutions contained the required dose of ACTH in 16% partiallj’ h 3 'drol 5 'zed 
U.S.P. gelatin (gel point about 23° C.) containing 0.5% phenol. All test samples in a 
given experiment were diluted with the same lot of gelatin. 

The ACTH preparations used for all experiments reported (except when specified) 
in this stud 3 ' were derived from hog pituitary glands and were assa 3 md in terms of 
i.u. to a standard error of 10% or less b 3 ' the method of Munson et al. (1948) using 
h 3 'pophysectomized rats. All doses in subcutaneous experiments were given in terms 
of I.u. 

The ACTH preparations referred to as crude have activities of less than 2 i.u./mg. 
as contrasted to the purified preparations, isolated by several different adsorption 
procedures, with activities between 20-60 i.u./mg. Preparations referred to as Type I 
forms are those which have been subjected to limited hydrolytic conditions during the 
process of isolation and the Type II and III forms are those subjected to more rigorous 
hydrolytic treatment, pepsin and pepsin plus acid, respectivel 3 '. Types II and III are 
differentiated from Type IV in that the latter form has not been exposed to hydrol 3 dic 
conditions. 

The test animal in all cases was the Sprague-Dawley strain of rat. Intact and 113 -- 
poph 3 'sectomized animals of various ages were used as specified within each experi¬ 
mental design. 

When adrenal ascorbic acid depletion was utilized as the end response following sub¬ 
cutaneous injection, individual groups of animals were sacrificed at suitable intervals 
after injection to obtain either a time response pattern or response at a specified time 
after administration of the hormone. 

Preliminary experiments indicated that ACTH preparations prepared 153 - different 
procedures were different in relative potenc 3 ' when assa 3 'ed b}' the intravenous technique 
as compared to the subcutaneous technique em])loying either an aqueous or gelatin 
medium. Utilizing a gelatin medium, a greater response was obtained with relatively 
slight effect on the time pattern. A gelatin medium was emplo 3 ’ed throughout the follow¬ 
ing experiments because of the magnification of effect which could be obtained and be¬ 
cause standardization of ACTH in gelatin was a primary problem. 

All adrenal weight and thymus weight experiments rejrortcd in the present stiidr- 
involved the injection of 0.5 cc. test solution twice a da 3 ' (9:00 a.m. and 4:00 p.m.) for 
three days, and autoirsy the forenoon of the fourth da 3 '. 
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RESULTS 

Figure 1 illustrates the results of a comparison of the adrenal ascoihic 
acid depleting activity of crude Type IV and crude Type I ACTH in 
saline, and in gelatin, after subcutaneous injection of 1.0 i.u./rat. Eacli 
point on the graph represents the average response of four rats. It 
be seen that a gelatin medium produces a marked increase on the response 


IN SALINE 



Fig. 1. Adrenal ascorbic acid response versus time after subcutaneous injection of 
two ACTH preparations in aqueous saline or gelatin vehicle. Each rat received 1.0 i.u. 
in 0.5 cc. Each point is the mean response value from four hypoph 3 'sectomized rats. 


to both types of preparations. However, the effect on the response to Type 
I ACTH appears considerably greater. 

In order to determine the relative importance of "purity” as compared 
with "preparative history” in obtaining higher subcutaneous potency in a 
gelatin medium, the method was converted to a quantitative design and 
several suitable ACTH samples were assayed in comparison with each 
other. Figure 2 illustrates graphically the results of such an experiment. 
Rats were sacrificed at 2 and 4 hours after injection for determination of 
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adrenal ascorbic acid. Since there was no significant difference between the 
2 and 4-hour response, these values were combined to produce the results 
illustrated in Figure 2. Each point then represents the average response 
of 8 rats. 

In Figure 2, the ACTH sample identified as “Purified ACTH-247 
(Type I)” assayed 30 i.u./mg., and the sample identified as “Crude 
ACTH (Type IV)” assaj'^ed 1.7 i.u./mg. When these samples in 16% 



.004 .016 .064 .256 

TOTAL DOSE, I.U. PER RAT 

Fig. 2. Assay of several ACTH preparations suboutaneouslj" administered and 
measuring adienal ascorbic acid depletion in h 3 ’'pophj'sectomized rats—eight rats per 
lioint—three hour response. 

gelatin medium were assayed clinically Ijj’" intramuscular injection (Wolf- 
son, 1952) the “Purified ACTH-247 (T^’^pe I)” was found to be two to 
four times as potent as the “Crude ACTH (Type IV).” It appears that 
there is good correlation between this assay method and clinical effective¬ 
ness. Tlie sample identified as “Crude (Tj^pe I) ACTH-247” is tlie rela¬ 
tively crude extract (1.0 i.u./mg.) from winch “Purified ACTH-247 
(Type I)” tvas derived b}-- selective adsorption. The sample “Purified 
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ACTH-426 (Type III)’' isolated by chromatopile partition (White et al, 
1951) assayed 50 i,u./mg. 

In view of the apparent correlation between clinical assays (subcutaneous 
or intramuscular administration) and the potency value obtained utilizing 
the adrenal ascorbic acid depletion method (subcutaneous administration), 
it was anticipated that other subcutaneous methods utilizing normal rats 
and/or other criteria of activity such as adrenal weight or thymus weiglit 
might also correlate with clinical activity. 

An experiment on 23 day old normal Sprague-Dawley rats, selected at 
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0 .4 .8 1.2 1.6 2.0 2.4 

Log 100 X Total I.U. per Rot 
.025 .100 .400 1.600 

Total Dose, I.U. per Rat 


_1_ 

2.8 

6.400 


Fig. 3. Adrenal weight I’esponse of 23 day old, normal female rats to graded doses 
of purified ACTH in gelatin. 0.5 cc. subcutaneously twice a day for three days, autopsj 
fourth day, seven rats per point. 
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random, indicated that a useful adrenal weight response could be obtained 
on these animals but that the thjunus involution response was more 
quantitative. Information from both responses could be obtained from the 
same rats (see also Hajmshida and Li, 1952). One similar experiment on 
30 day old rats indicated an adequate range of response using either adrenal 
weight or thymus weight but precision of the thymus response was poor 
in this experiment as compared to the 23 day old rats. Average control 
thjunus weight was 323 mg. in this experiment and was reduced to 140 
mg. with the highest dose of ACTH used (0.40 i.u. purified ACTH (Tjqje 
I)—total dose in 3 days). Adrenal weight precision was comparable to 
results from 23 daj'' old rats (lambda = .45). 

Figure 3 illustrates the log-dose adrenal weight response relationship of 
purified ACTH (Type I) in gelatin administered as previously indicated to 
23 day old normal female rats. The lambda value of 0.40 indicated rela¬ 
tively poor precision but is sufficiently valid to obtain information with 



.4 .8 I.E 1.6 2.0 

LOG 100 X TOTAL I.U PER RAT 


025 .100 .400 

TOTAL DOSE. lU PER RAT 

Fig. 4. Adrenal weiglit assay of ACTH. Thirty day old, normal, 
female rats—eight rats per point. 
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respect to correlation between adrenal weight assays and clinical or other 
assays. 

Figure 4 illustrates the application of the adrenal weight response of 
normal 30 day old rats to the assay of crude ACTH (Type IV) in gelatin 
as compared to purified ACTH (Type I) in gelatin. The result—Type IV 
crude ACTH = 25 ± 9% of purified ACTIi—is sufficiently accurate to indi¬ 
cate good correlation with clinical assay. 



0 .4 .8 1.2 16 2 0 2.4 2 8 

Log 100 X Totol I.U. per Rot 
.025 .100 .400 1600 6.400 

Total Dose, I.U. per Rot 

Fig. 5. Tlij^nius weight response of 23 day old, normal, female rats to graded 
doses of purified ACTH in gelatin. This experiment also provided adrenal weight data 
shown in Figure 3. 

Figure 5 illustrates the log-dose thymus weight relationship of purified 
ACTH (Type I) in gelatin administered to 23 day old female Sprague- 
Dawley rats selected at random. The thymus weights were obtained from 
the same rats that yielded the adrenal weight data illustrated in Figure 3. 
Thus it can be seen that in the dosage range of 0.10 to 0.40 i.u. of puiified 
ACTH (Type I), quantitative data can be obtained simultaneously from 
both adi’enal and tlD^us weight responses. In view of the correlation of 
standard deviation with level of response, conversion of the responses to 
log-response would seem indicated for assay purposes. 

Figure 6 illustrates the assay curve obtained by using the logarithms o 
the thymus weight response values. 




May, 1953 


CORRELATION OF ACTH ASSAYS 


503 



0 4 .a 12 16 2.0 2.4 2.B 

Log Tolol I.U. p«r Rot 

025 .100 .400 1,600 6.400 

Total Dose, I.U. per Rot 

Fig. 6. Log th 3 'mus weight plotted against log dose of ACTH 
using data from exireriment illustrated in Figure 5. 

Figure 7 illustrates the application of the thymus involution assaj'’ pro¬ 
cedure for the potency comparisons of several ACTH preparations. Again 
the comparison of crude ACTH (Tj'^pe IV) in gelatin with the purified 
ACTH (T 3 >^pe I) in gelatin shows good correlation with clinical findings 
and with other subcutaneous assay methods. 

In order to study further the application of several assay methods to 
the problem of ACTH standardization, additional assaj’^s were conducted 
on several samples of purified ACTH (Type I) in gelatin and crude ACTH 
(Tj^pe IV) in gelatin. All samples were first assayed bj'- the proTusional 
U.S.P. adrenal ascorbic acid depletion method on h 3 T)oph 3 ’^sectomized 
rats to a standard error of +10% (150 to 200 rats per sample). For sub¬ 
cutaneous assays, doses were ahvaj’^s given in terms of i.u. or U.S.P. 
Units, so that all preparations can be considered to be 100% of each other, 
bj^ the intravenous assaj^ technique, within the limits of error indicated 
above. , 

Table 1 gives the results of the assay of several lots of purified ACTH 
(Tj^pe I) in gelatin and several lots of crude ACTH (T 5 "pe IV) in gelatin 
when utilizing adrenal ascorbic acid depletion following subcutaneous 
administration in the h 5 q)oph 3 "sectomized rat. It ma 3 ^ be noted that each 
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female rats. The average lambda value in these experiments was 0.23 
(0.20 to 0.31) so the individual assays are subject to a standard error of 
about ± 16% and the means to a standard error of about ±8%. The puri¬ 
fied ACTH (Type I) versus crude ACTIi (Type IV) ratio of 3.2, therefore, 
exhibits close correlation with clinical results and with the other subcu¬ 
taneous assay methods. 

Table 3 gives the results of several assays on crude ACTH (Type IV) 
in gelatin assayed against the purified ACTH experimental standard bj'- 


Table 3. Assay of several ACTH preparations, subcutaneously adaiinistebep, 

AND JIBASURING ADRENAL AVEIGHT INCREASE IN NORMAL RATS. 


Type IV crude ACTH 
in gelatin lot 

Number 
or rats 

Potency ratio versus type I 
purified ACTH in gelatin 
experimental standard. 

1 

42 

.28 

1 

48 

.25 

2 

42 

.37 

U.S.P. standard 



in gelatin 




42 

.35 



Mean .31 ■ 


1.0 i.u. purified Typo I ACTH in gelatin = 1.0/.31 =3.2 i.u. crude Type IV ACTH in 
gelatin. 


utilizing adrenal weight increase obtained in normal rats. Lambda values 
for these assays were 0.4 to 0.5 so the individual assays are subject to 
standard errors of about ±32% but the means are accurate to a standard 
error of about ± 16%. By this method the relative subcutaneous versus 
intravenous potency of purified ACTH (Tj’^pe I) in gelatin is about three 
times that of crude ACTH (Tj'^pe IV) in gelatin. 

f 

DISCUSSION 

The results indicate that if crude ACTH (Tj'-pe IV) in gelatin were 
assayed by a subcutaneous method against the present U.S.P. standard, 
about the same value would be obtained as at present with the intravenous 
assay procedure. If the purified ACTH (Tj'^pe I) in gelatin were assayed 
against the U.S.P. standard by the same method, a relative potency of 
about three times that of the intravenous assa}'’ technique would be ob¬ 
tained. This corresponds to the clinical assay of these two types of ACTH 
preparations. The inference is that, if preparations were assayed against 
the present U.S.P. standard by a subcutaneous method, the resulting 
products would be uniform in clinical activity when labeled in terms of 
U.S.P. units and used subcutaneously or intramuscularly. The clinical 
doses in terms of U.S.P. units would then be the same for either prepaia- 
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tion. If such preparations were now labeled in terms of U.S.P. units as 
determined b}'" the provisional U.S.P. intravenous assay procedure, one 
U.S.P. unit of one preparation would be about three times as potent 
clinically as one U.S.P. unit of another preparation, even though each 
preparation utilizes a gelatin vehicle. ACTH preparations in gelatin equiva¬ 
lent by the provisional U.S.P. assay are, tlierefore, not necessarity equiva¬ 
lent clinicallj^ following subcutaneous administration. 

Some evidence exists (Fisher, 1953) that effective ranges of 0.5 to 3 
times the U.S.P. unit may be encountered when comparing different type 
preparations. An experiment was designed to determine whether differ¬ 
ences in dose response curve slopes or differences in time response pattern 
would be detectable after intravenous administratiqn of Tjqre I and Type 
IV ACTH preparations. The method used was the same as the Munson 
et al. (1948) assay procedure with the exception that rats were sacrifiecd 
at several time intervals. This experiment failed to show a difference 
between the two preparations comparable to that in the subcutaneous 
experiments. The time-response patterns appeared identical within limits 
of error. If a time difference in dose response curve slope exists, the purified 
T}'pe I preparation shows the flatter slope. This latter feature is the 
opposite of findings after subcutaneous administration of tlie preparations. 
Comparison of the results of this experiment with the result of subcutane¬ 
ous assays indicated that the major difference in relative potency of the 
two ACTH preparations appeared only after subcutaneous or intramuscu-' 
lar administration. The difference, therefore, must be due to a difference 
in rate of absorption or a difference in the rate of extra vascular destruction. 

The adrenal ascorbic acid depletion method, when ACTH is subcu¬ 
taneously administered, discriminates quite sliarply between preparations. 
The. discrimination appears chiefly in the form of both deviation from 
parallelism of the log-dose response curve (Fig..2), and differences in time- 
response pattern (Fig. 1). 

All characteristics of the thymus involution experiment in Figure 5 
indicate that this could be the basis for a simplified and more economical 
assay for ACTH than any previously available. Precision appears excellent 
in spite of the absence of litter-mate distribution. Tlie method also retains 
the feature of discrimination between preparations in respect to their 
relative subcutaneous potencies. While onlj"- results obtained from the 
Sprague-Dawley strain of rats have been reported, other strains, Wistar 
for example, ha^’^e proven satisfactory. 

Response range is adequate. Even for randomly selected rats, precision 
(lambda = 0.23) appears as good as, or better than, other methods. The 
use of litter-mates maj’’ increase precision. 

Since there appears to be a difference in the relative potency of different 
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Table 1. An assessment by 3 observers of the degree of proptosis of the eyeballs 
IN A GROUP OF cortisone TREATED RATS AND THEIR CONTROLS 

0=No proptosis. .\ = Milcl. xx = Moderate. xxx = Marked. xxxx = Gross. 


Animal No. 

Degree of proptosis present 

Cortisone 

Observer 

K.A. 

S.M.G. 

ll.L. 

6 

0 

0 

0 

No 

38 

0 

0 

0 

No 

14 

XX 

XX 

XX 1 

Yes 

7 

0 

X 

0 

No 

13 

XX 

X 

X 

Yes 

85 

0 

X 

X 

No 

46 

0 

0 

0 

Yes 

30 

xxxx 1 

XXXX 

XXXX 

Yes 

47 

X 1 

X 

0 

Yes 

55 

0 

0 

0 

No 

23 


0 

0 

No 

29 

XX 

XXX 

XXX 

Yes 

111 

XXX 

XXX 

XX 

Yes 

112 

X 

0 

0 

Yes 

77 


0 

0 

No 

51 


0 

0 

No 

104 

XX 

XX 

XX 

Yes 

103 

0 

0 

0 

Yes 

63 

X 

XX 

X 

Yes 

22 

0 

0 

0 

No 

39 

XX i 

X 

X 

Yes 

62 

XX 

XXX 

XX 

Yes 

69 

0 

0 

0 

No 

1 



Fig. 2. Gross unilateral ocular protrusion of left eye with onl}' mild 
proptosis of right e 3 'e in a male rat treated with cortisone. 
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metrical, and no other eye signs, such as the “bloodj’’ ring” described b}' 
Yudkin, Farquhar and Wakeman (1934) were observed. Proptosis was 
still present in many animals at the time of autopsy; in at least 4 animals, 
however, a previously established protrusion had disappeared. 

Of particular interest was the course of exophthalmos in one animal. 
No. 30, to which reference has already been made. Proptosis was diagnosed 
in this animal by the 3rd day after the start of the cortisone injections. 
On the 11th day, nothing unusual was noticed, but on the 13th day, the 
left eye had literallj'’ left its socket (Fig. 2). Only moderate proptosis was 
present on the right side. The left eye as a whole appeared enlarged and 
close inspection revealed a certain degree of keratoconus. Of great interest 
was the occurrence here of the unilateral “blood}'' ring” noted by Yudkin 
et al. (1934) in some of their proptotic animals, a change which is pre¬ 
sumably identical with the sanguineous discharge described by Thompson 
(1933). Pressure on the eyeball did not seem to cause anj'' discomfort. The 
following day keratoconus was definite; the cornea had become completely 
dry and opaque; and the proptosis was unchanged. The picture was sug¬ 
gestive of a retroorbital tumour, and it was decided to kill the animal to 
avoid the possibility of a secondary infection preventing a correct diagno¬ 
sis. The eye was punctured under light ether anaesthesia and clear fluid 
escaped under pressure, presumably from the anterior chamber. This 
undoubtedly was the cause of the keratoconus and the apparent enlarge¬ 
ment of the eye, but it did not account for the proptosis, which still per¬ 
sisted. Enucleation showed that the eyeball was not appreciably enlarged. 
The retroorbital contents appeared hyperaemic, but no tumour or pus 
could be found. This was confirmed by histological examination (Fig. 3). 

This peculiar picture was not observed in any other rat in this or any 
other series of similar experiments. It is possible that it is similar to the 
rare unilateral exophthalmos of endocrine origin in man. 

DISCUSSION 

Yudkin et al. (1934) observed proptosis in young male albino rats that 
were being given diets low in salts. Of 34 rats 11 developed marked and 11 
slight and occasional!}’’ transient ocular protrusion. A “bloody ring around 
one eye” ivas noted in 4 animals. No explanation for this unilateral occur¬ 
rence is given. On histological examination no evidence of increased ocular 
tension could be found, nor were there any changes present in either the 
eye muscles or the retrobulbar tissues. The thyroid is said to have shown 
“striking changes.” Loss of hair was recorded in some animals, but no 
abnormality was reported in the pituitary or the adrenals, the weights of 
which, however, are not given. 

Somewhat similar findings have been reported by Thompson (1933), 
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who kept rats on diets with varying calcium and iodine contents. Ocular 
disturbances occurred in the form of proptosis and decreased frequency 
of blinking. Occasionally a sanguineous exudate developed around the lids 
of one or both eyes. Proptosis became noticeable about the sixth week; 
reached its maximum during the eighth to tenth week; and remained 
unaltered from then on. These eye changes were limited to animals on 
diets containing little iodine, in whom hyperplasia of the thyroid glands, 



Fig. 3. Section of the left orbital tissues of the rat with as}’'mmetrical proptosis. 
There is no evidence of inflammation or tumour present. (Formalin-Zenker, Hema- 
toxjdin-Eosin, 7fj.X75). 

followed later on in some cases by atrophy, was found. Apart from changes 
in the parathyroid glands the state of other endocrine organs is not 
mentioned. 

Heinemann (1937) produced exophthalmos in guinea pigs and rats by 
injecting thyrotropic hormone (Schering-Kahlbaum). At autopsy the 
thyroids were shown to be enlarged. Exophthalmos occurred in animals 
treated for more than 2 weeks, and was most marked in those animals 
which had been treated longest. There was no loss of weight, but loss of 
fur was noted. The adrenal glands in the exophthalmic guinea pigs were 
definitely enlarged. 

Definite exophthalmos persisting after death has been reported by 
Rawson, quoted by Means (1944), in rats in which a hyperplastic goitre 
was produced by treatment with sulfathiazole. Sellers and Ferguson 
(1949) have also observed proptosis in rats fed with propylthiouracil foi 



May, 1953 


EXPERIMENTAL EXOPHTHALMOS 


515 


prolonged periods. It could be seen in some animals after only 3 months, 
but it took 7 moirths before it was present in almost every rat. It was best 
observed if the animal was active and alert. All rats were under weight and 
liad scanty, coarse hair. The weight of the eyeballs was not larger than in 
the control group, and no lymphocytic infiltration was present in the 
retrobulbar tissues. 

It is generally stated that exophthalmos is due to excessive production 
of the thyrotropic hormone. The occurrence of thyroid changes in the ex¬ 
periments just quoted could be interpreted as supporting this thesis. Since 
the prolonged administration of cortisone or ACTH is said to induce thy¬ 
roid depression—the "corticogenic hypothyi’oidism” of Wolfson et al. 
(1950, 1951)—the occurrence of proptosis in cortisone-treated animals 
could be explained on the basis of a subsequent increase in the secretion 
of the thyrotropic hormone. Some clinical (Richardson et al. 1950; Reiss 
et al. 1950; Werner, 1950); and experimental (Winter ei al.’, 1950) findings 
do not, however, support this view. Since it has furthermore been shown 
that cortisone significantly increases the thyrotropin-induced exophthal¬ 
mos in normal as well as in thyroidectomised guinea pigs (Aterman, 1952b, 
c), it is difficult to maintain the thesis that this cortisone effect is mediated 
through the thyroid. Even if cortisone can affect the thyroid as an indirect 
consequence of some change in the pituitary, it is also probable that the 
hormone acts directly on the connective tissues of the body. The explana¬ 
tion of the ocular protrusion observed in the present experiments would 
then be the changed physical state of these tissues within the orbit (Ater¬ 
man 1952b, c). 

Reference has already been made to the unusual course of exophthalmos 
in rat No. 30 (Fig. 2). No explanation can be advanced-for the exceptional 
features present in this animal. Since an increase, no change, or a decrease 
in the intra-ocular tension under the influence of ACTH or cortisone have 
been reported under various clinical and experimental conditions (Bard- 
ram, 1950; Fitzgerald ei al. 1951; Olson ei al. 1951; Sallman et al. 1952; 
Stewart Duke-Elder, 1951), it is questionable whether the increased 
tension present in the proptosed left eye of this rat can be attributed to 
a direct effect of cortisone or whether it was the result of the pronounced 
exophthalmos. The marked asymmetry of the latter also remains unac¬ 
counted for. Although some of the rats in the present series developed quite 
a marked degree of exoplithalmos, we have not Imen able to reproduce a 
similar picture. Unilateral exophthalmos in experimental animals has, 
however, been reported by other workers (Friedgood, 1934; Smelser^ 
1937; Thompson, 1933). The absence of any macroscopic or microscopic 
evidence of a retroorbital tumor or inflammation (Fig. 3) in our experi¬ 
mental animal suggests a similarity with the rare but well known cases of 
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"unilateral” endocrine exophthalmos in man occasionally mistakenly diag¬ 
nosed as retroorbital tumors and even operated on (Anderson, 1947; Brain 
1936, Bedrossian, 1951; Burch, 1929, 1942; Denis and Mahaux, 1951- 
Drescher and Benedict, 1950; Jensen,'1940; Kisner and Mahorner, 1947; 
Klotz, 1948; Regnier, 1942; Rundle and Wilson, 1944,1945; Saltzmann and 
Mellicker, 1951). That endocrine factors should lead to asymmetrical 
changes in symmetrical organs is a puzzling, but not unknown phenome¬ 
non of which several instances can be found in the literature (Bond, 1914; 
Greene, 1948; Peyton, 1942; Wilkins, 1948). 

SUMMARY 

The occurrence of varying degrees of bilateral proptosis has been ob¬ 
served in young male Wistar rats treated for 4 weeks with cortisone ace¬ 
tate. In one animal marked asymmetry of the proptosis occurred. These 
findings are discussed in the light of our present knowledge of the etiology 
of exophthalmos. 
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NITROGEN BALANCE, LIVER PROTEIN REPLETION 
AND BODY COMPOSITION OF CORTISONE 
TREATED RATS 

ROBERT H. SILBER and CURT C. PORTER 

From the Merck Institute for Therapeutic Research, Rahway, New Jersey 

I N 1940, Long, Katzin and Fry demonstrated that the administration 
of adrenal cortical extract to fasting rats caused a. loss of nitrogen in 
the urine and an increase in liver glycogen. They suggested a relationship 
between protein breakdown and glycogen synthesis in such animals. For 
reviews of subsequent investigations, the reader is referred to those of 
Ingle (1950), Sayers (1950) and Engel (1951). 

When cortisone acetate’^ became available in 1949, it seemed desirable 
to investigate further the effects of cortisone on nitrogen balance, on liver 
protein regeneration, and on the distribution of protein and fat in the body. 

EXPERIMENTS AND RESULTS 

Male albino rats of the Carworth strain were selected from single ship¬ 
ments and grouped to obtain equivalent average body weights. Adrenal¬ 
ectomies were performed by the lumbar approach under nembutal anes¬ 
thesia and operated rats were given 1% saline to drink. All animals were 
housed in individual mesh-bottom cages in air conditioned quarters during 
the experiments. Nitrogen was determined by the micro-Kjeldahl method. 
References to other analytical techniques accompany the data. 

The probability (p) of erroneously concluding that there are significant 
differences between means was calculated by Student’s t test or from the 
variance ratio (F). See Snedecor (1946). 

a) Nitrogen balance. Rats weighing 250 gm., on the average, were fed 
protein-free diet (Silber and Porter, 1950), ad libitum for 7 days. On the 
8th, 9th, and 10th days, consumption of the diet was limited to 8 gm./rat 
/day and each of thirty-two rats was given daily subcutaneous injections 
of 3 mg. cortisone acetate in aqueous suspension. A second group of thirty- 
two rats did not receive cortisone. On the 9th day, all rats were placed in 
metabolism cages in groups of two. On this and the subsequent day, half of 
the cortisone-treated rats and half of the untreated rats each received, in 
addition to the daily allotment of protein-free diet, an oral dose of a solu- 

Reeeived for Publication October 9, 1952. 

1 Cortisone Acetate (Merck). 
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tion of amino acids or egg albumin (300 mg. N/kg. rat). Twenty-four hours 
after the second dose, the rats were given 10 ml. of water orally, and urines 
were collected with, cage washings two hours later. The urinarj^ nitrogen 
data are summarized in Table 1. 


Table 1. The effect of cortisone acetate upon nitrogen balance. 
Nitrogen given, 300 mg./kg./day 


Group 

Treatment 

Corti- .4mino 
.sone acids 

.\v. rat wts. 
before test, 
gm. 

3-day 
wt. loss, 
gm. 

Liver wt., 
% 

liodj' wt. 

Av. urinarj' N, 
mg./kg./day 
±s.c. 




Amino acid experiment 



1-4 

+ 

+ 

226 

11.5 

4.1 

474+ 7.2 

5-8 

+ 

0 

225.5 

15.5 

3.7 

365 +24.1 

9-12 

0 

+ 

227 

2.0 

3.2 

372+ 5.4 

13-16 

0 

0 

226 

8.0 

3.0 

267+ 9.7 




Egg albumin experiment 




Corti- 

Egg 






sone 

albumin 





1-4 

+ 

+■ 

243 

_ 

_ 

367+ 7.2 

5-8 

+ 

0 

239 

— 

— 

338 ±25.0 

9-12 

0 

+ 

239 

— 

— 

272 + 17.3 

13-16 

0 

0 

238 

— 

— 

231 +6.4 


Sixty-four per cent of the orally administered amino acid nitrogen was 
retained by the cortisone-treated rats and 65% by the controls. The reten¬ 
tion of egg albumin nitrogen also was comparable in the two groups, 90% 
and 86%, respectivel}^. Expressed as nitrogen balance indices (Allison, 
Seeley, and Ferguson, 1947) these values would be 0.64, 0.65, 0.90, and 0.86. 
Thus, cortisone had no effect on the retention of ingested nitrogen. The 
rats lost 13 gm. bod 3 '' weight/kg. and 100 mg. urinaiy nitrogen/kg./day 
more than their controls. Nevertheless, the livers of the rats given corti¬ 
sone contained 200 mg. more nitrogen/kg. bodj^ weight than those of the 
controls. 

b) Liver ■protein repletion. Rats which were adrenalectomized on the 
fourth da}" of protein depletion were supplied protein-free diet for six 
additional da 5 "s. On the 11th, 12th, and 13th days some were allowed to 
consume 4.5 gm. protein-free diet, others 4.5 gm. 20% casein diet per 100 
gm. bod}" weight each day. Cortisone injections (1.5 mg./lOO gm. body wt.) 
were made daily from the fourth to the thirteenth day, inclusive. Intact 
rats were treated similarly. 

No significant difference was observed between the intact and the 
operated rats so the data were pooled, as shown in Table 2. The livers of 
the repleted, cortisone-treated rats were larger and contained more protein 
nitrogen, more NPN and more glycogen. Serum protein concentrations 
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Table 2. The effects of cortisone on livers of rats during protein-repletion 



Cortisone-treated 
(13 rats) 

Controls 
(9 rats) 

Livez’ ivt., gm./lOO gm. rat 

5.28+0.16 

3.18+0.061 

Protein N. mg./lOO gm. rat 

127.8 ±1.7 

94.6 +2.0 

N. P. N., mg./lOO gm. rat 

17.9 +0.35 

13.0 +0.27 

Glycogen, mg./100 gm. rat 

429.8 +36 

48.8 ±5.9 


were also increased (6.6 versus 5.7 gm.%). Similar but less striking differ¬ 
ences were seen in the rats whicli remained on protein-free diet throughout 
the experiment. 

The subsequent experiment was designed to study the quantitative 
relationship between the effects of cortisone and protein feeding upon liver 
protein regeneration. Adrenalectomized rats were fed protein-free diet 
ad lihihim from the fourtli through the seventh day after operation. They 
were then allowed to consume 5 gm. per 100 gm. body weight per day of 
protein-free or 15% casein diet, and some were given daily subcutaneous 
injections of cortisone acetate (2 mg./lOO gm. j’at). Rats were sacrificed 
two or four da 3 ^s after the first injection. Analysis of variance of the data 
(Table 3) shows that tlie very significant effects of cortisone and of dietary 
protein upon liver nitrogen had no influence upon one another. 

c) Effects of cortisone on carcass and viscera of rats. From the above 
results, it was clear that cortisone could cause an increase in liver and serum 
protein while nitrogen was being lost in the urine, whether or not the ani¬ 
mals were supplied dietary protein. The following experiment was designed 
to locate the source of the endogenous nitrogen available for liver regenera¬ 
tion and for excretion. 

Five days after adrenalectomy, groups of five rats were injected daily 
with 0.1 or 1.0 mg. cortisone acetate per 100 gm. rat, and allowed to con¬ 
sume 3.5 gm. of protein-free diet per 100 gm. rat/day. Control animals 
were not included because adrenalectomized rats do not survive on the 
protein-free diet in spite of saline therapy. 

The rats were sacrificed after 14 days. They were exsanguinated, and the 
carcasses were divided as follows: (1) liver, (2) spleen, (3) gastro-intestinal 
organs (washed stomach and intestines, and adhering structures), (4) uro¬ 
genital organs (testes, prostate, kidneys, bladder), (5) pleural organs 
(heart and lungs), (6) carcass (muscle and bone, including the head and 
brain), and (7) skin and hair. 

Livers and spleens were homogenized with water and aliquots taken for 
the various analyses. The other tissues were macerated in a Waring Blender 
with 70% alcohol, then extracted in Soxhlet extractors with 95% ethanol, 
then ether. The extracts were evaporated to dryness and the residues 
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Table 3. Effect of protein and cortisone upon liver N regeneration 

IN ADRENALECTOMIZED BATS 

5 rats/group; saline ad libitum 


Protein 

Cortisone 

Days 

Body' \vt. at 
start, gm. 

Body wt. at 
sac., gm. 

Liver N, mg./lOO gm. 
rat ±s.e. 

0 

0 

2* 

190 

178 

85.9±2.76 

0 

0 

4* 

190 

168 

84.3 ±1.40 

0 

+ 

2 

190 

181 

101.8±1.18 

0 

+ 

4 

190 

172 

110.1 ±3.39 

“h 

0 

2 

190 

189 

99.0±2.84 

+ 

0 

4 

190 

193 

102.4±2.06 


+ 

2 

190 

183 

126.4±1.68 


+ 

4 

190 

186 

125.3±3.50 



0 

190 

190 

92.2±2.40 


* These group consumed 3.5 and 2.5 gm. diet/100 gm. rat/day. The remaining groups 
consume! all 5 gm. of their diets/100 gm. rat/day. 


Analysis of variants 


Source of 
variation 

Degrees of 
freedom 

Mean 

squares 

F* 

P 

Protein 

1 

3766..57 

100.79 

<0.005 

Cortisone 

1 

6352.60 

169.99 

<0.005 

Days 

] 

59.86 

1.60 


Protein X Cortisone 

1 

56.77 

1.52 


Protein X Days 

1 

14.95 

0.40 


Cortisone X Days 

1 

21.60 

0.58 


Protein X Cortisone X Days 

1 

156.24 

4.18 

0.05 

Error 

40 

37.37 




* F for 1 and 40 d.f., (p =0.005) =8.83; (p=0.05) =4.08. 


partitioned between water and petroleum ether. Tlie defatted tissues ivere 
dried and pulverized, and aliquots were taken for analysis, except in the 
case of skin, wh^re the whole sample was used. For protein analyses sam¬ 
ples of dried defatted carcasses and the skins were extracted with N/10 
NaOH. Three 24-hour extractions at room temperature were sufficient 
to remove essentially all of the soluble proteins from the carcass samples. 
The skins were extracted four times, with freezing and thawing, to remove 
the soluble proteins. Collagen in carcasses and skins was determined e.s- 
sentiallj’^ according to Lowry, Gilligan and Katersky (1941). Total nitrogen 
on the residues from the collagen extractions of the carcasses is reported 
here as “elastin” N; the figure also includes bone nitrogen. Since the hair 
was not separated from the skins, total nitrogen on skin residues was not 
determined. 

The rats which received the higher dose of cortisone lost significant!}^ 
more weight than tliose receiving the lower dose (Table 4). The carcasses 
and skins lost weight roughlj^ in proportion to body weight. The internal 
organs maintained or increased in weight, so the organ weight to body 
weight ratios showed significant increases. The analytical data on blood 





522 


SILBER AND PORTER 


Volume 52 


Table 4. Organ aveights, seruai protein and lia^er anala-ses. Adrenalectoaiized 

PROTEIN-DEPLETED RATS TREATED AA'ITH 0.1 OR 1.0 AIG. CORTISONE 
acetate/100 gai. rat/day 


Initial body AA't., gm. 

Body Avt. loss, % 

Carcass AA'et AA't., gm./lOO gm. rat 

Dry, defatted, care, wt., gm./lOO gm. rat 

Skin and hair Avet Avt., gm./lOO gm. rat 

Dry, defatted skin Avt., gm./lOO gm. rat 

Liver wt., gm./lOO gm. rat 

Liver dry AA't., gm./lOO gm. rat 

Viscera wt., gm./lOO gm. rat 

Dry, defatted viscera AA't., gm./lOO gm. rat 

Total serum protein, gm. %* 

Albumin (pooled sample), gm. % 

Globulin (pooled sample), gm. % 

A/G ratio 

Liver protein N, mg./lOO gm. rat 
Liver NPN, mg./lOO gm. rat 
Liver carbohydrate, mg./lOO gm. rat 
Liver lipid (alc.-ether sol.) mg./lOO gm. rat 
Liver desoxj'ribonucleic acid, mg./lOO gm. 
ratf 

Liver ribonucleic acid, mg./lOO gm. ratt 


Loav dose High dose 




229 




229 



27 

.3 

+ 

0 

.96 

30 

.8 

+ 

0 

.33 

<0.025 

60 

.2 

+ 

0 

.83 

58 

.0 

+ 

0 

.59 

<0.1 

16 

.8 

+ 

0 

.20 

16 

.4 

+ 

0 

.38 

>0.2 

18 

.1 

+ 

0 

.38 

17 

.3 

+ 

0 

.21 

<0.2 

6 

.08 

+ 

0 

.18 

6 

.06 

+ 

0 

.08 

>0.2 

2, 

.93 

+ 

0 

.07 

4 

.18 

+ 

0 

.12 

<0.005 

0 

.75 

+ 

0 

.022 

1 

.14 

+ 

0 

.042 

<0.005 

11 

.3 

+ 

0 

.29 

12 

.7 

+ 

0 

.51 

<0.05 

1 

.31 

+ 

0 

.024 

1 

.46 

+ 

0 

.055 

<0.05 

5. 

.27 

+ 

0 

.16 

6, 

.00 

+ 

0, 

.071 

<0.005 


1 

.45 



2 

.12 




3 

.72 



3 

.93 




0 

.39 



0 

.54 



76, 

.5 

+ 

1, 

.31 

105, 

.5 

+ 

1, 

.86 

<0.005 

9 

.47 

+ 

0, 

.30 

13 

.51 

+ 

0, 

.34 

<0.005 

137 


+ 23. 

,4 

320 


+ 20. 

,5 

<0.005 

261 


±22, 

.3 

452 


+ 24, 

.6 

<0.005 

15. 

.2 

+ 

0, 

.39 

17, 

.1 

+ 

1, 

.26 

<0.2 

43 

.8 

± 

3 

.56 

68 

.4 

+ 

4 

.10 

<0.C05 


* Total protein and protein fractions by the method of Kibrick and Blonstein (1948). 

t Dische (1930). 

i Davidson and Waymouth (1944). 

serum showed that cortisone prevented a decrease or caused an increase 
in albumin, even though these animals were consuming protein-free diet, 
but there was little change in globulin. 

As the livers increased in size under the influence of the higher dose of 
cortisone, protein and fat (alcohol-ether soluble) increased in about equal 
proportions while carbohydrate increased to a greater extent. Liver ribo¬ 
nucleic acid increased in proportion to liver weight, but desoxyribonucleic 
acid remained essentially constant in quantity, indicating an increase in 
cytoplasm without an increase in the number of cells. (The relative increase 
in desoxyribonucleic acid indicated in the table was of doubtful signifi¬ 
cance, p <0.2, and was at least partially a result of the decrease in body 
weight.) 

The distribution of nitrogen in the animals (Table 5) closely paralleled 
the organ and body weight distribution discussed above (Table 4). Total 
nitrogen of the rats decreased proportionately with body weight loss. 
However, there was an excessive loss of nitrogen from the carcass whereas 
the liver, gastro-intestinal organs and urogenital organs were spared nitro¬ 
gen loss. The collagen and elastin nitrogen of the carcass showed a relative 
and absolute increase, while the more labile alkali-soluble nitrogen fraction 
decreased significant!}'-. The fraction of nitrogen contributed by the skin 
remained the same in the two groups. 

The ratio of total fat (Table 6) to body weight increased l)y50% 



May, 1953 


EFFECTS OF CORTISONE IN RATS 


523 


Table 5. Nitrogen distribution in adrenalectomieed, brotein-depleted rats 
TREATED IVITH 0.1 OR 1.0 JIG. CORTISONE ACET.<Te/100 G.JI. RAT/dAY 



Imw dose 

High dose 

P 

Nitrogen, % of rat total N (skin elastin and hair omitted) 


Carcass 

68.0 ±0.49 

65.0 ±0.43 

<0.01 

Skin 

22.1 +0.45 

22.6 +0.32 

>0.2 

Liver 

3.03±0.085 

4.49±0.114 

<0.005 

Spleen 

0.30+0.055 

0.25 ±0.019 

>0.2 

Pleura 

0.25+0.004 

0.25+0.007 

>0.2 

Gastro-intestinal 

3.66 ±0.070 

4.27+0.130 

<0.01 

Urogenital 

2.55 ±0.073 

2.96±0.120 

<0.05 

Total N gm./IOO gm. rat 

2.79 ±0.061 

2.67 ±0.037 

>0.2 

N of carcass fractions, % of carcass total N 

Water solubles from Soxhlet extract 

5.84+0.28 

6.77+0.27 

<0.1 

Alkali soluble 

82.30+0.57 

76.87+0.48 

<0.01 

Collagen 

10.16+0.54 

14.24 + 1.00 

<0.025 

Elastin & bone 

1.67 ±0.088 

2.11 ±0.12 

<0.05 

Carcass total N, gm./IOO gm. rat 

1.90±0.053 

1.74±0.031 

<0.1 

N of skin fractions, % of skin total N (hair 

& elastin omitted) 


Water soluble from Soxhlet extract 

6.84±0.34 

5.84±0.33 

<0.2 

Alkali soluble 

41.56 ±0.53 

41.16 + 1.12 

>0.2 

Collagen 

51.48±0.88 

52.90±1.17 

>0.2 

Soluble N+Collagen N, gm./IOO 




gm. rat 

’ 0.62±0.017 

0.61 ±0.001 

>0.2 


(p <0.1) under the influence of cortisone. Particularly striking- increases 
in fat -ft'ere observed in the carcass and organs of the pleural cavity and 
less striking increases in the urogenital organs and livers. Fat in the skin 
and gastro-intestinal organs remained essentially constant. 

DISCUSSION 

Since the report of Long, Katzin and Fi-j"- (1940) cortisone has frequently 
been termed a “catabolic” hormone. From isotope experiments, Hoberman 
(1950) and Clark (1950) have considered cortisone to exert catabolic or 

Table C. Fat* in adrenalectomized protein-depleted rats. Treated with 0.1 or 
1.0 MG. CORTISONE ACETATE/100 GM. RAT/daY 


Carcass, gm. fat/lOO gm. rat 
Skin, gm. fat/lOO gm. rat 
Liver, mg. fat/lOO gm. rat 
Pleura, gm. fat/lOO gm. rat 
Gastro-inte.stinal, mg. fat/lOO gm. rat 
Urogenital, mg. fat/lOO g. rat 
Spleen, mg. fat/lOO gm. rat 

Total fat, gm./IOO gm. rat 


Low dose High dose p 


1.46+0.14 2.62+0.35 <0.025 

0.91±0.22 1.03+0.09 >0.2 

115±11.4 15S+20.S <0.2 

41.5±5.9 95.3 + 11.S <0.005 

317 + 159 588 + 137 >0.2 

451 +101 731 +81 <0.1 

14.2+2.5 16.3±1.3 >0.2 


3.30+0.62 5.24 ±0.63 <0.1 


Benzin soluble. 
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anti-anabolic eftects on protein metabolism. Ingle (1950) and Engel (1951) 
have suggested that the primary effect of cortisone may be a decrease in 
the utilization of carbohydrate. The fact that cortisone in milligram quan¬ 
tities can depress the body weight of rats without a proportionate decrease 
in food intake is well substantiated. From the observations of Kochakian 
and Robertson (1951) and from the present work, it is clear that the loss 
of body weight is due to loss of substance, including nitrogen, from the 
carcass rather than from the internal organs. 

Loss of nitrogen from the carcass was not accompanied by deficient 
utilization of ingested protein as evidenced by nitrogen balance and liver 
protein repletion. This is in agreement with the report of Wells and Kendall 
(1940) that adrenalectomy did not influence the utilization of exogenous 
protein. 

Engel, Schiller, and Pentz (1949) found that in nephrectomized rats, 
exogenous amino acids or glucose spared the breakdown of endogenous 
protein caused by injection of adrenal cortical extract. In the present 
experiments, however, the effect of cortisone upon the incorporation of 
nitrogen in the liver or its excretion in the urine was not influenced by the 
ingestion of minimal amounts of protein by intact rats. In rats fed normal 
amounts of dietary protein Clark (in press) found that cortisone treatment 
caused an increase in the excretion of isotopic nitrogen fed as glycine. The 
apparent contradiction between this and the present work may be related 
to the level of nitrogen intake. 

In the nitrogen balance experiment it was noted that the body weights of 
the rats given cortisone decreased 13 gm./kg./day more than their controls 
in spite of equivalent caloric intakes. If the tissue protein is assumed to 
contain 16% nitrogen and the wet tissue to contain 20% protein, only one- 
fifth of the weight loss can be related to the loss of nitrogen in the urine. 
There was no evidence in these experiments that dehydration occurred 
in the carcasses of the cortisone-treated rats although they did excrete 
larger volumes of urine. They also consumed more water, and dry weight 
data showed that the water concentrations in the carcasses were compara¬ 
ble in the treated and untreated groups. 

The liver protein of cortisone-treated rats decreased in concentration, 
but increased in total. This may be related to the deposition of glycogen 
and the increase in cell size. However, the elevated serum albumin concen¬ 
trations found in the cortisone-treated rats also indicates an increase in 
protein synthesis by the liver. Mushett, Porter and Silber (unpublished) 
have found that cortisone-treated dogs on stock diet ad libitum showed 
changes similar to those observed in rats, i.e., in liver protein, fat, and nu¬ 
cleic acid. Friedgood, Vars and Zerbe (1950) have reported that cortisone _ 
facilitated liver regeneration after partial hepatectomy. Kochakian an 
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Robertson (1951) called attention to the fact that protein anabolism may 
occur in certain tissues simultaneouslj'- with catabolism in others. It seems 
reasonable to conclude that the protein catabolic (or anti-anabolic) effects 
of cortisone were, under the conditions of our experiments, essentially 
limited to the labile carcass proteins. 

SUMMARY 

In nitrogen balance and liver protein repletion experiments cortisone 
did not alter the biological value of an amino acid mixture, egg albumin or 
casein. 

In protein-depleted rats, cortisone caused a wastage of nitrogen from 
carcass fractions other than structural protein (collagen and elastin). 
Concurrently, the total protein of the liver, gastro-intestinal tract and 
uro'genital organs, as well as plasma albumin were increased. The increased 
size of livers caused by cortisone may be due primarily to a laying down of 
cytoplasm (ribonucleic acid increased) without the formation of new cells 
(desoxyribonucleic acid not increased). An increase in total fat of the ani¬ 
mal was observed, with the most significant increases occurring in the 
carcass and organs of the pleural cavity. 
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RADIOIODINE METABOLISM IN THE CHICK EMBRYO 
SEYMOUR H. WOLLMAN and EDGAR ZWILLINQi 

National Cancer Institute, National Institutes of Health, Bethesda, Maryland 
and Storrs Agricxdtural Experiment Station, Storrs, Connecticid 

INTRODUCTION 

M any studies have been made of the histology of the thyroid gland 
at various stages in the development of the chick embryo. These 
studies, as well as several to determine the age of the chick embryo at 
which biochemical differentiation or thyroid function begins, have recently 
been summarized by Moore (1950). Methods used to determine thyroid 
function in the chick embryo include measurement of the total iodine in 
the thyroid glands (Sun, 1932), demonstration of the presence of the thy¬ 
roxine in the chick thyroid by tadpole test (Hopkins, 1935), and demon¬ 
stration of organic binding of radioiodine in the thyroid gland by auto¬ 
radiography (Hansborough and Khan, 1951). Using these methods, it was 
not possible to detect any evidences of thyroid function or biochemical 
differention prior to the tenth day of incubation, which is the time colloid 
has been reported to appear in the thyroid gland (Bradiva}'’, 1929; Hopkins, 
1935; Venzke, 1949). 

It has been recognized that in addition to its ability to incorporate iodide 
into organic binding and to synthesize thyroxine, the thyroid gland differs 
from non-thyroid tissue in that it has the property of maintaining a con¬ 
centration of iodide greatly elevated above that of the blood (Albert, 
1952). 

The investigation reported in this paper was undertaken to determine 
the temporal relationships involved in the development of the ability of 
the embryonic thyroid gland to maintain a concentration of iodide above 
that of blood and the ability to incorporate iodide into organic binding. 
Radioiodide and quantitative counting procedures were used. 

It was found that the ability of the thyroid gland to concentrate iodide 
from the blood develops before its ability to incorporate iodide into organic 
binding. Iodide concentrating occurred before follicle formation at a 
stage when there ivas not more than a trace of colloid in the gland. A few 
data have also been obtained on the distribution of in some of the 
major components of the egg within 2 hours after injection of radioiodide. 

Received for publicjition October 30, 1952. 

* Done during tenure as a Special Research Fellow at the National Cancer Institute 
of the National Institutes of Health. 
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MATERIAL AND METHODS 

These studies were made on eggs from White Leghorn chickens. Incubation for the 
required interval was at 37.5° C. in a forced draft incubator. The eggs had been brought 
to room temperature before they were placed in the incubator, and no allowance was 
made for a “warm up” period; age was computed from the time that the eggs were 
placed in the incubator. The embryos corresponded to the stages described by Ham¬ 
burger and Hamilton (1951). The thyroid gland morphology corresponded to the ap¬ 
propriate stages described by Venzke (1949). 

Fortj' microcuries of I™ in the form of 0.05 ml. of carrier-free Nal was injected into 
one of the allantoic veins by means of a fine cannula sealed into a 0.1 ml. serological 
pipette. The window in the shell was sealed with “scotch” tape and the eggs were placed 
in a still air incubator until needed. At appropriate intervals they were reopened and a 
venous sample (0.05 ml.) was obtained and delivered into 0.95 ml. of H.O containing 
1.0 mg. of Nal. Immediately after the blood was taken the embryo was removed from 
the egg. Everj" effort was made to drain any e.xtraneous fluids from the carcass. It is 
clear, from the values obtained for the I’’* concentration in possible contaminating fluids 
(Table 2), that such contamination could not make an appreciable contribution to the 
concentration of in the carcass. In no case was a carcass contaminated with yolk. 
Thyroid glands were dissected out, measured with an ocular micrometer and then 
placed into either Bonin’s solution or an homogenizer containing 4 ml. of ice-cold HsO 
to which 1.0 mg. of Nal carrier had been added. The weights of the thyroid glands were 
calculated bj' computing their volume from the lengths of their major axes and assuming 
a density of one. The carcass below the neck was weighed and put into a sample bottle 
or an homogenizer which contained 5 ml. ice-cold 8% TCA. 

Complete serial sections were made of thyroid lobes from several 7-, 9- and 10-daj" 
embryos. Sections were stained with hematoxylin and eosin. Later the sections from 3 
of the 7-day embryos and 4 of the 9-day embrj’os were destained and then treated with 
periodic acid-Schiff reagent to test for colloid. 

in the diluted blood was determined by beta counting of a dried aliquot. Self 
absorption corrections were found to be negligible. Protein binding of 1“^ in the carcass 
was tested by homogenization in 8% TCA, centrifugation and determination of I'®* in 
both the supernatant and the sediment by gamma counting. Protein binding of I'®* in 
the thyroid glands was assessed after homogenization, deproteinization with the 
Ba( 0 H) 2 -ZnS 04 reagent of Somogyi (1945) and centrifugation.” P^' in the sediment was 
measured by gamma counting, that in the supernatant by beta or gamma counting. 
Some of the glands were dried and I'** was determined in them b}’ beta counting. 
Although results using this technique agreed reasonably well with those using homogen¬ 
ized material only data from the latter are presented in the tables because of uncertaintj' 
of self-absorption corrections. 

In a few 7-day eggs P^‘ determinations were made on allantoic fluid, amniotic fluid, 
blood, carcass below the head, fluid yolk and solid yolk. Samples for this survey were 
taken at approximately 75 minutes after injection. 

RESULTS 

The histologjr of the hematoxylin-eosin stained sections of the thyroid 
glands of the embiyos studied (Figs. 1-3) appeared to duplicate observa- 

- Under the conditions used Somogyi’s reagent has been found to precipitate organic 
bound P*' more completely than does TCA, although the reagent does not precipitate 
an appreciable amount of radioiodide (Wollman and Scow, unpublished results). 
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Fig. 6. The ratio of I‘^* content per mg. of thjo-oid gland to tlie F®' content per mg. 
of blood at various time intervals after injection of radioiodide. Data are shown for 
seven- and nine-day embryos. The three different symbols used in the seven-day data 
represent different experiments. 


Table 1. The hatio of I‘’‘ concentration in carcass and thyroid gland to I“‘ 

CONCENTRATION IN BLOOD OF CHICK EMBRYOS 


1 

Days 
incu- 1 
bated 

Num¬ 

ber 

of 

Time 
interval 
injection to 
sampling, 
minutes 

Estimated 

thyroid 

weight, 

Average 

carcass 

weight,* 

Per cent 
dose in 
thyroid , 

I'^Vmg. carcass 

P’Vmg. blood 

1 P^Vmg. thyroid 

1 1*31/mg. blood 

eggs 

mg. 

gm. 

gland 

Total 

Free 

9 

12 

71 to 223 

0.16 

I.O 

0.26 tl2) 

0.7S± .04={10)“ 

5400 + 1200(12) 

400 + 200(3) 


G 

30 to 65 


0.23 

0.024 

1 to 

O.Il (.3) 

0.95±0.07 (5) 

700 (4) 

700 (4) 

7 

6 

50 

0.021 

0.24 

0.022(5) 

0.82±0.05 (6) 

700 (5) 

700 (5) 


9 

1 

68 to 136 


0.26 

1 

0.0037 

to 

0.068 (5) 

0.80 + 0.06 (9) 

400 ±100 (5) 

400±10G(5) 


^ Body below neck. 

2 Mean ± standard error. 

2 Number of eggs on which datum is based. 
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concentration of tlie carcass aA^eraged only 0.75 times tliat of blood and 
all of it was non-precipitable (Fig. 7). 

In the 7-day embryos only .004 to .11% of the injected was found 
in the thju'oid gland. The radioiodine content was higher Avhen the sam¬ 
pling was done relatively soon after the injection and lower when the 
sampling was delayed. No precipitable was detected in the 7-da3^ em¬ 
bryo thyroids. The ratio of the content of the thyroid gland to the 
content per mg. of blood was 15 ±4. The concentration of in these 
glands averaged 400 to 700 times that of blood (Fig. 6). The average 
A’^alue of the ratio AA'as relatively constant during the time interval between 
30 to 130 minutes after injection although measurements indicated that 
the concentration of the blood at the end of this time interval could 
be only a few per cent of that at 30 minutes. The average concentration 
of in the carcass varied from 0.80 to 0.95 times that of blood (Fig. 7) 
and was also independent of the time interval after injection. All the carcass 
was non-precipitable. 



0 50 100 150 200 250 

MINUTES AFTER INJECTION 


Fig. 7. The ratio of I'^‘ content per mg. of carcass to tlie I'^' content per mg. of blood 
at various time intervals after injection of radioiodide. Only the body below the neck 
was used in carcass determinations of these 7- and 9-day embr}'os. The three different 
symbols used in the seven-day data represent diffeient e.vperiments. 
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Table 2. Distribution of among sojie components of the chicken 
EGG incubated FOR SEVEN DAYS^ 


Component 

Sample 

volume, 

ml. 

Activity 
per ml., 
counts/ 
sec/ml. 

Total 

component 

volume,^ 

ml. 

Total 
activity in 
component, 
counts/sec. 

Per cent 
dose in 
component 

Activity 
per ml. 

Activity 
per ml. if 
uniform 
distribu¬ 
tion of I”' 

Allantoic fluid 

1 .0 

5,070 

3,750 

0.9 



0.80 

Amniotic fluid 

0.05 

1,670 
1,870 

1.3 

2,300 

1 

0.80 

0.33 

Fluid yolk 

1 .0 


13.0 

185,000 

65.0 

2.6 

Solid yolk 

2.0 

41 

1,030 

18.0 

9,000 

i 

1 

3.0 

0.09 

Head 

0.400 

0.473 

] ,9.30 

1,520 

0.41 

0.47 

1 785 

716 

0.26 

0.32 




0.23 

0.23 

354 

246 

0.11 

0.24 

Total Egg 


5,400 

53.0 


||QQ|Q« 


Remainder of 
Egg^ 


4,500 

19.0 

85,000 

29.7 

0.83 


‘ Approximately 75 minutes after injection of radioiodide. 

“ Volume of allantoic fluid and amniotic fluid from Romanoff and Hayward (1943). 
Volume of fluid yolk and solid yolk from Romanoff (1943). 

“ Data calculated by difference. 

One of the striking findings in the initial experiments was that tlie con¬ 
centration of in the blood, carcass or allantoic fluid was less than would 
be expected if the injected were uniformly distributed in the egg. In 
an exploration of a few 7-day eggs it was found (Table 2) that a major 
concentration of the both in regard to per cent of total dose and to 
relative activity occurred in the fluid yolk, which had ten times the con¬ 
centration found in the carcass. The amniotic fluid had approximately the 
the same concentration as the carcass while that of the allantoic fluid 
was somewhat higher. A number of components (e.g., yolk-sac membrane, 
albumen) were not tested and it is possible that a considerable concentra¬ 
tion of 1^^^ may have been present in one of these sites. For example, if it 
can be assumed that no was present in the shell, the average P^^ 
concentration in albumen and membranes would be half that in fluid yolk. 

DISCUSSION 

The difference in the results using 7-day and 9-day eggs cannot be at¬ 
tributed to either differences in the batches of fertile eggs used for the 7- 
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day and for the 9-day eggs, nor to differences in the composition of the 
stock radioiodide solution. The data listed in the last line of Table 1 and 
in solid circles in Figures 6 and 7 were obtained on eggs from the same 
batch as the 9-day eggs. Aliquots of the same stock radioiodide solution 
were used. 

The data obtained in the present investigation show that the thyroid 
gland of the 7-day chick embryo has undergone biochemical differentiation 
to the extent that it already possesses the ability to maintain a concentra¬ 
tion of non-precipitable grossly elevated above that of the blood. The 
fact that the ratio of the concentrations of P®* in thyroid gland and blood 
was relatively constant while the concentration of the blood was drop¬ 
ping suggests relativel}'- free exchange and equilibration of the in thy¬ 
roid gland and blood. The capacity to incorporate iodide into organic 
molecules precipitable with Somogyi’s reagent could not be demonstrated 
in these thyroid glands. If organic binding occurs it must be at a much 
slower rate than in the thyroid glands of the 9-da3'^ embryos which were 
found to have the capacity to incorporate radoiiodide into organic binding, 
in addition to the capacity to concentrate radiodide. 

The above indications of biochemical differentiation both appear prior 
to the development of follicles in the chick embryo. It has been possible to 
demonstrate colloid-like material with the periodic acid-Schiff method in 
the stage in which organic binding of radioiodide was detected (9-day 
thyroids) and to demonstrate an almost complete absence of this material 
when radioiodide binding was not detected. In contrast, organic-bound 
iodine has been reported to occur prior to the appearance of both follicles 
and colloid in the thyroid gland of the fetal pig (Rankin, 1941) and the 
fetal calf (Koneff, Nichols, Wolff and Chaikoff, 1949). 

There is an apparent contradiction between the present data demon¬ 
strating that the thyroid glands of the 9-day embryo have the capacity to 
bind iodide, and the work of Sun (1932), Hopkins (1935), and Hansborough 
and Khan (1951), who were not able to demonstrate organic bound iodine 
before the tenth or eleventh day of incubation. This contradiction maj'- not 
be a real one. The present data demonstrate a qualitative capacitj’^ to 
incorporate available radioiodide into organic binding. There is no reason 
to believe that the radioiodide which was bound in the thyroid gland had 
equilibrated with endogenous iodide in the egg, or that endogenous iodide 
was present in the blood of the embiyo and available for the thyroid gland 
to concentrate and bind. Sun’s (1932) measurements on the total iodine 
concentration of the tlDToid gland of the 9- and 10-day embr 3 ’-os when 
compared with the present data suggest that either endogenous egg iodine 
is not available to the embiyonic tlijn-oid gland or that the actual rate of 
binding of available iodide is quantitative!}’' slow on the ninth daJ^ 
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Hansborough and Khan's (1951) radioautograph studies (in whicli the 
radioiodide was injected into fertile eggs prior to incubation, and in wliicli 
case it might be safe to assume that the radioiodide had equilibrated witli 
endogenous iodide) suggest that the per cent of the endogenous iodide 
that is bound in the thyroid gland is too small to detect by their method 
prior to 11 days of incubation.® 

No attempt has been made to determine the stage at which protein 
binding of radioiodide begins. This may be a difficult thing to do for, as 
shown by Wolff, Chaikoff and Nichols (1949), in the calf the concentration 
of bound thyroid iodine increases gradually but continuously throughout 
the period of fetal life which they studied. If this is so in general, the fixed 
sensitivity of radioautograph procedures as conventionally done may 
not be entirely satisfactory for determining onset of function, since if 
the sensitivity is fixed, i.e., if the dose of 1^®’, exposure time, and the sensi¬ 
tivity of'the film are fixed, the measurements will probably give too late 
a time interval for onset of binding. For, if thyroid activity increases grad¬ 
ually during fetal life, increases in the sensitivity of the procedure might 
be expected to allow detection of a positive radioautograph at progressively 
earlier stages in development. 

Removal of injected radioiodide from tlie blood and equilibration be¬ 
tween the blood and the carcass were rapid. However, the concentration 
of in the various parts of the egg was not uniform. In the 7-day embryos 
only the fluid yolk had a concentration greater than that expected from 
a uniform distribution of I^®^ throughout the egg contents. The concentra¬ 
tion of I^®^ in the fluid 5 mlk was ten times that of tlie blood, suggesting 
that the yolk-sac membrane has an active concentrating mechanism for 
iodide. 


SUMMARY 

Radioiodide was injected into an allantoic vein of 9-day and 7-day cliick 
embryos. Quantitative determinations of P®* in thyroid gland, carcass, 
and blood were made using Geiger tubes. In a few embryos fluid and solid 
yolk, allantoic fluid and amnio tic fluid were also assayed. 

The thyroid glands of both the 9- and 7-day embryos concentrated 

^ After this manuscript was submitted for jjublication two papers became available to 
us which support and supplement these remarks. Stoll and Blanquet (Aniiales d'En- 
docrinologie, 13: 569. 1952) found that six hours after radioiodide was administered to a 
7-daj' egg the content per unit weight of the thju'oid was higher than that of the lieai t. 
In contrast, Blanquet, Stoll and Capot (C. R. Soc. de Biol. 146: 1103. 1952) founcHhat 
when radioiodide was administered to lajdng hens 100 per cent of the in the 7-rtaj 
egg was found in the yolk plus albumen. No was found in the embiyo until the eighth 
day, and none in the thyroid until the tenth day. 
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In 9-day thyi'oids, the I*®' concentration averaged 5000 times that 
of blood, and most of this was organic bound. The concentration in 
7-day glands was 400 to 700 times that of the blood, and almost all ap¬ 
peared to be non-precipitable and freely exchangeable with blood I'”, 
concentration in the carcass was about 0.7 to 0.9 times that in blood. 
The fluid yolk accumulated the greater proportion (65%) of the total 
dose within a relativel}’" short time (1.5 hours). 
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EFFECTS OF ANDROGENS AND ESTROGENS ON 
iS-GLUCURONIDASE IN INBRED MICE^-^ 

WILLIAM H. FISHMAN and M. H. FARMELANT 

From the Cancer Research and Cancer Control Unit, and the Department of Biochem¬ 
istry and Nutrition, Tufts College Medical School Boston, Massachusetts 

I N RECENT years, Morrow et al. (1949, 1950) reported that certain 
pure inbred strains of mice exhibited strikingly low concentrations of 
iS-glucuronidase in the liver, spleen and kidney. Cohen and Bittner (1951) 
found that mammary tissue iS-glucuronidase activity bore a relationship 
to the strain of mice employed, extremely low concentrations being found 
in the C3H strain . 

Among the interesting questions Avhich these findings provoked is the 
one of whether or not tissue (3-glucuronidase in these low-glucuronidase 
strains- is responsive to extrinsic factors. It is known that certain glu- 
curonidogenic drugs will produce an increase in /3-glucuronidase activity 
in the non-sex organs (Fishman, 1940)) and that estrogen will restore 
uterine jS-glucuronidase activity of the castrated mouse to normal levels 
Fishman and Fishman, 1944; Fishman, 1947) with no alteration in the 
non-sex organ glucuronidase. (Fishman, 1947; Harris and Cohen, 1951). 
An exception to this lack of effect in the non-sex organs was reported by 
Kerr, Campbell, and Levvy (1949) Avho found that estrone but not estriol 
or estradiol produced an increase in liver /3-glucuronidase. In all of these 
experiments, mice of mixed strain were employed. Accordingly, investiga¬ 
tion was undertaken to explore the effect of extrinsic factors with regard 
to organ /3-glucuronidase activity in inbred mice. 

In a previous paper, (Fishman, 1951) it was reported that stilbestrol 
stimulated liver but not kidney /3-glucuronidase activity in C3H mice 
whereas testosterone and methylandrostenediol produced a striking in¬ 
crease in kidney but not in liver /3-glucuronidase. The present paper repre¬ 
sents essentially a systematic investigation of the effects of the estrogen 
and androgen in one low-/3-glucuronidase mouse strain (C3H) and in one 

Received for publication November 10, 1952. 

' Presented at the 43rd Annual Meeting of the American Association for Cancer 
Research, April 11, 1952, New York. 

^ This investigation was supported in part bj’ a research grant from The National 
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Institutional Grant from the Ameiican Cancer Society, Inc., New York. 
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high-i3-glucuronidase strain (129). In addition, new data are presented 
on tissue glucuronidase in a number of mouse strains. 

METHODS AND EXPERIMENTAL PROCEDURES 

Mice of pure inbred strain were obtained from the Jackson Memorial Laboratories, 
Bar Harbor, Maine and, in general, were arranged in groups of 5 to 6 animals for the 
experiments. These mice, weighing 20 ±3 grams, were approximatelj^ two months old. 

p-Glucuronidase activity was determined by the method of Fishman, Springer, and 
Brunetti (1948) with modifications (Fishman, Kasdon, and Hamburger, 1950) employ¬ 
ing acetate buffer homogenates of tissue. These were prepared by homogenizing a small 
amount of tissue (15-60 mgm.) in 10 cc. of 0.1 ml acetate buffer (pH 4.5). Duplicate 
specimens of 0.1 cc. of the well-shaken homogenate were taken for analysis. Following the 
hydrolysis of phenolphthalein glucuronic acid, the liberated phenolphthalein was 
measured colorimetrically. 0-Glucuronidase activity has been expressed in the usual units 
per gram of wet tissue. (Fishman, Springer, and Brunetti, 1948). In the case of seminal 
vesicles and uteri, the secretions were expressed and the tissues dried with filter paper. 
These tissues were then weighed on a microtorsion balance and later homogenized and 
assayed as described above. 

Mice of both sexes of the following strains were sacrificed by cervical fracture and 
determinations were made of the ^-glucuronidase activity of liver, kidney, and spleen; 
C3H, AKR, CAFi, BAFi, DAH and 129. 

In order to study the effects of sex hormones on tissue /3-glucuronidase, mice of both 
sexes of the C3H and 129 strains were selected and arranged in suitable groups. Untreated 
groups received injections of peanut oil (0.1 ml.) every other day for 14 days to serve 
as controls to the experimental groups which received 500 micrograms of either stil- 
bestrol or testosterone propionate or both in 0.1 ml. of peanut oil under the same dosage 
regime. In the castrated animals, a period of approximately 14 days was allowed to 
elapse before injections were begun. In all mice, |3-glucuronidase determinations were 
performed on the fresh liver, kidnej% and spleen. Assays of uterine and seminal vesicle 
/3-glucuronidase were done in female and male animals respectively. 

Experiments were performed to discover the effect of testosterone propionate on 
kidney /3-glucuronidase in mice of several pure inbred strains and to estimate a dosage- 
response curve for two strains of mice. 


RESULTS 

Strain and sex differences. Of the six strains studied, four (BAFi, CAFi, 
129, DBA) were found to be high-B-glucuronidase strains and two (C3H, 
AKR) low-0-glucuronidase strains (Table 1). The Bar Harbor AKR can 
now be characterized as a low-0-glucuronidase strain as well as one highl}'^ 
susceptible to spontaneous leukemia. The kidneys of male mice of the 
BAFi, CAFi, AKR and DBA strains assayed higher glucuronidase activi¬ 
ties than did the kidneys of female mice in the corresponding strain. 
However, mice of the C3H and 129 strains showed no sex difference with 
respect to kidney 0-glucuronidase. 

Effects of castratiori on tissue 0-glucuronidase activity are recorded in 
Table 2 along with the significance of the differences of the means (Table 3). 
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Table 1 . A study ok tissue ^-glucuronidase in relation to strain and sex 


Tissue ^-glucuronicliise netivitj’ (Units/Gram) 

Strain Si'N - 

Ividney (No.) Spleen (No.) Liver (No.) 


C 3 H 

■ F 

309 (5) 

1391 (5) 

485 (5) 

M 

238 (.5) 

1156 ( 6 ) 

479 ( 6 ) 

AKR 

F 

449 (12) 

1938 (12) 

415 (12) 

M 

671 (18) 

1748 (18) 

519 (18) 

BAFi 

F 

1829 ( 6 ) 

4940 ( 6 ) 

4545 (5) 

M 

2655 ( 6 ) 

4632 ( 6 ) 

3134 ( 6 ) 

CAFi 

F 

1803 ( 6 ) 

.3660 ( 6 ) 

3425 ( 6 ) 

M 

3780 ( 6 ) 

3548 ( 6 ) 

4045 ( 6 ) 

129 

F 

1376 ( 6 ) 

7712 ( 6 ) 

3187 ( 6 ) 

M 

1460 ( 6 ) 

6878 (5) 

4050 ( 6 ) 

dba 

I" 

1547 ( 8 ) 

4515 ( 8 ) 

3936 ( 8 ) 

M 

3192 (10) 

4613 (9) 

4278 (10) 


In the 129 strain, castration of the females resulted in an elevation of liver 
and spleen fl-glucuronidase and a decrease in uterine enzyme, whereas in 
the male sex, only the seminal vesicles underwent a change (increase). 
In the females of the C3H strain, castration caused no change in /3-glu¬ 
curonidase activity except for a questionable increase in kidney enzyme. 
The male C3H mice behaved in a similar fashion to the 129 animals, only 
seminal vesicle |8-glucuronidase increasing. 

Testosterone 'propionate (Tables 2 and 3) produced marked elevations in 
kidney (^-glucuronidase in mice of both sexes, intact and castrate, of the 
129 and C3H strains. Other responses common to both strains were the 
reduction in uterine (3-glucuronidase of the intact mice and the decrease 
in seminal vesicle (3-glucuronidase. Whereas, in the CsH mice, liver and 
spleen enzyme levels remained essentially unchanged, in the 129 mice, the 
liver of the intact female and liver and spleen of castrate males showed 
an increase while the spleen of castrate females exhibited a decrease in 
their enzyme values. 

Stilbestrol administration (Tables 2 and 3). Except for the castrate ma e 
C3H mice, no experimental groups showed a change in kidney /3-glucurom- 
dase activity. Other findings common to both strains were the reduction 
in seminal vesicle (3-glucuronidase in intact male mice and the increased 
activity in the castrated males. Although liver ^-glucuronidase was ele¬ 
vated only in intact females of the 129 strain, this increase was a unifoim 
finding in all four experimental groups of C3H mice. Increases in spleen 
/3-glucuronidase were observed in both sexes of 129 strain mice but on y 
in the males (both intact and castrated) of C3H mice. Uterine / 3 -glucuioni- 
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Table 2. Comparison of ^-glucuronidase data in C3H and 129 strains of mice 


Tissue ^-glucuronidase (units/gram) 


Exp. 

No. 

Strain 

Sex 

Condi- - 
tion 

Kidnej’’ 

Liver 

Spleen 

Uterus 

Seminal 

vesicles 





A. (CASTRATION) 



1 

129 

F 

Intact 

1,376 (6) 

3,187(6) 

7,712(6) 

2,827 (6) 


2 

129 

F 

Castrate 

1,536(9) 

4,566 (9) 

11,401 (9) 

1,498 (9) 


3 

129 

M 

Intact 

1,460 (6) 

4,050(6) 

6,878 (5) 


3,937 (6) 

4 

129 

M 

Castrate 

1,404(10) 4,258(10) 

6,136 (10) 


15,070 (7) 

5 

C3H 

F 

Intact 

301 (5) 

481 (5) 

1,391 (5) 

1,036 (5) 


6 

C3H 

F 

Castrate 

403 (6) 

575 (6) 

1,536 (6) 

1,085 (6) 


7 

C3H 

M 

Intact 

287 (10) 

506 (10) 

1,156 (6) 


91 (6) 

8 

C3H 

M 

Castrate 

302 (6) 

651 (6) 

1,536 (6) 


3,230 (6) 




B. (TESTOSTERONE PROPIONATE) 



9 

129 

F 

Intact 

5,895 (6) 

4,290(6) 

5,994 (6) 

1,942 (6) 


10 

129 

F 

Castrate 

6,546(5) 

4,084(5) 

6,674 (5) 

1,393 (5) 


11 

129 

M 

Intact 

6,098 (6) 

3,400 (6) 

6,487 (6) 


3,400 (6) 

12 

129 

M 

Castrate 

14,230 (5) 

5,802 (5) 

10,888 (5) 


4,378 (5) 

13 

C3H 

F 

Intact 

3,121 (6) 

630 (5) 

1,307 (5) 

402 (6) 


14 

C3H 

F 

Castrate 

1,991 (6) 

664 (6) 

1,401 (6) 

638 (6) 


15 

C3H 

M 

Intact 

2,738 (5) 

503 (5) 

1,394 (5) 


139 (5) 

16 

C3H 

M 

Castrate 

2,940 (4) 

606 (4) 

1,629 (4) 


260 (4) 





C. (STILBESTROL) 



17 

129 

F 

Intact 

1,658 (6) 

6,845(6) 

17,208 (6) 

4,148 (6) 


18 

129 

F 

Castrate 

1,538 (5) 

5,068 (4) 

9,795 (4) 

4,018 (4) 


19 

129 

M 

Intact 

1,504 (6) 

4,557 (6) 

13,238 (6) 


8,856 (5) 

20 

129 

M 

Castrate 

1,420 (5) 

4,806 (5) 

11,406 (5) 


7,593 (4) 

21 

C3H 

F 

Intact 

305 (6) 

930 (6) 

1,403 (6) 

1,043 (6) 


22 

C3H 

F 

Castrate 

365 (6) 

1,018 (6) 

2,136 (5) 

1,165 (6) 


23 

C3H 

M 

Intact 

364 (6) 

986 (6) 

1,866 (6) 


1,704 (6) 

24 

C3H 

M 

Castrate 

448 (6) 

1 ,369 (6) 

2,425 (6) 


1,795(6) 



D. (TESTOSTERONE PROPIONATE+STILBESTROL) 


25 

129 

F 

Intact 

2,355 (5) 

6,558 (5) 

10,444 (5) 

3,572 (5) 


20 

129 

F 

Castrate 

1,991 (5) 

5,892 (5) 

8,852 (5) 

3,378 (5) 


27 

129 

M 

Intact 

3,042 (4) 

6,222 (4) 

8,712(4) 


3,327 (4) 

28 

129 

M 

Castrate 

1,283 (6) 

3,870(6) 

8,113 (6) 


26,250 (4) 

29 

C3H 

F 

Intact 

1,062 (5) 

1,153 (5) 

1.413 (5) 

801 (5) 


30 

C3H 

F 

Castrate 

1,051 (5) 

1,052 (6) 

2,381 (6) 

1,058 (6) 


31 

C3H 

M 

Intact 

1,625 (6) 

947 (6) 

1,732 (6) 


275 (6) 

32 

C3H 

M 

Castrate 

1,902 (6) 

1,176(6) 

2,378 (6) 


238 (4) 
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Table 3. Statistical significance of differences of mean values 

RECORDED IN TABLE Ii; I AND P VALUES 


Comparison of 
the means 
Exp. Exp. 

No. No. 



Organ 



Kidney 

Liver 

Spleen 

Uterus 

Seminal 

vesicles 



A. 

(CASTRATION) 



1 

2 


2.5(0.03) 

3.7(0.01) 

3.7(a.01) 


3 

5 

4 

6 





13.8(0.01) 

7 

8 





20 (0.01) 



B. (TESTOSTERONE 

PROPIONATE) 


9 

1 

6.5(0.01) 

5.2(0.01) 


1 .9(0.1) 


10 

2 

12.4(0.01) 


4.5(0.01) 



11 

3 

21 .2(0.01) 





12 

4 

20 .0f0.01) 

3.5(0.01) 

6 .1(0.01) 


13.5(0.01) 

13 

5 

20 .0(0.01) 



2.3(0.05) 


14 

6 ■ 

5.0(0.01) 



3.3(0.01) 


15 

7 

10.4(0.01) 





16 

8 

3.8(0.01) 




20 (0.01) 



C. 

(STILBESTROL) 



17 

1 


6.5(0.01) 

21 .0(0.01) 

2.5(0.04) 


18 

2 




3.2(0.01) 


19 

3 



2.5(0.03) 


9.0(0.01) 

20 

4 



4.1(0.01) 


4.0(0.01) 

21 

5 


4.0(0.01) 




22 

6 


8.4(0.01) 




23 

7 


8 .0(0.01) 

3.3(0.01) 


20 (0.01) 

24 

8 

3.8(0.01) 

5.4(0.01) 

4.8(0.01) 


3.1(0.01) 


D. 

(TESTOSTERONE PROPIONATE +STILBESTROL) 


25 

9 

4.5(0.01) 

7.5(0.01) 

5.1(0.01) 

4.4(0.01) 


25 

17 

3.4(0.01) 


3.9(0.01) 



26 

10 

8 .8(0.01) 

8 .1(0.01) 


7.8(0.01) 


26 

18 






27 

11 

3.2(0.01) ' 

8 .1(0.01) 




27 

19 



2.2(0.06) 



28 

12 

23.1(0.01) 

6 .8(0.01) 



4" 

28 

20 





+ 

29 

13 

2 .8(0.02) 

5.4(0.01) 


6 .6(0.01) 


29 

21 

4.8(0.01) 





30 

14 

2.9(0.02) 

5.1(0.01) 

5.1(0.01) 

6 .8(0.01) 

3.5(0.01) 

30 

22 

15.0(0.01) 





31 

15 

2 .8(0 .-02) 

4.4(0.01) 



4.2(0.01) 

31 

23 

4.2(0.01) 




14.8(0.01) 

32 

16 

1.3(0.2) 

4.7(0.01) 

6.4(0.01) 



32 

24 

4.6(0.01) 




13.2(0.01) 


Statistical studies were done onlj' where the differences between the means were greater 
than 33% of the lesser value. This accounts for the blank spaces in the table. 


dase was raised in 129 intact and castrate females but was not changed in 
the corresponding groups of the C3H strain. 

Testosterone propionate plus stilhestrol (Tables 2 and 3) Androgen and 
estrogen exhibited neutralizing actions on each other in some organs but 
not in others depending on the strain, the sex and the presence or absence 
of the gonads. Thus, estrogen, sometimes partially and on other occasions 
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wholly, prevented the characteristic elevation of kidney j8-glucuronidase 
l)y testosterone propionate in both strains. Hoivever, the androgen did 
not prevent (except for experiment 28) the estrogen-induced increases in 
liver/J-glucuronidase of C3H (experiments 29, 30, 31, 32) and 129 (experi¬ 
ment 25) mice or affect the liver enzyme values (experiments 26, 27 and 
28). In the spleen, androgen counteracted the enzyme-enhancing effect 
of estrogen only in intact male and female 129 mice, while, in the uterus, 
androgen effected little or no change in the /3-glucuronidase activity when 
compared with the values seen in the groups given estrogen alone. Seminal 
. vesicle /3-glucuronidase maintained levels similar to those of corresponding 
groups given androgen alone in all experiments except number 28. 

Dosage-response curves. Data relating kidney S-glucuronidase to dosage 
of testosterone propionate in C3H and A Cloudman male mice appear in 
Figure 1. Evidently, testosterone propionate in physiological amounts is 
capable of causing a significant response in kidney /3-glucuronidase. 

Kidney glucuronidase response to testosterone in various strains of mice. 
The kidney /3-glucuronidase response to testosterone propionate differs 
with the strain of animal employed (Table 4). Thus, two levels of stimula¬ 
tion were observed. The 129 and DBA strains exhibit a 4 to 5-fold increase 

,8-a.UCUR0N;DAS£ 

UNrrS/GRAM 



PROPIONATE 

Fig. 1. Testosterone projrionate dose-response curve. Each experimental jioint is 
the average of tlie /3-glucuronidase activities of the kidneys of each group of 6 male 
mice. The daily dosage of testosterone propionate is indicated in the figure and the 
length of the experiment was 14 days. 
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and the C3H, AKR, CAFi, BAFi, and A Cloudman, a 9.5 to 12.5-fold 
elevation. It may be noteworthy that both low-jS-glucuronidase strains fall 
into the second category. 


Table 4. Kidney /3-glucubonidase besponse to testostehone 

PROPIONATE IN INBBED MICE (maLE) 


Strain 

Control animals 

Experimental animals 

Percentage Increase 

129 

1,460 (6) 

6,098 (6) 

416 

CSH 

287 (10) 

2,738 (5) 

955 

AKR 

650 (6) 

5,875 (6) 

1,110 

DBA 

2,821 (10) 

14,214 (7) 

505 

A Cloudman 

3,396 (6) 

42,075 (4) 

. 1,245 

BAF, 

2,655 (6) 

26,300 (7) 

990 

CAFi 

3,780 (6) 

25,450 (7) 

675 


DISCUSSION 

In this study a new low /3-glucuronidase strain (Bar Harbor AKR) has 
been discovered. At present, the following strains are known to belong to 
this category, C3H (Heston, Bittner, Andervont) DBA (Andervont). Law, 
Morrow and Greenspan (1952) have reported that the inheritance of the 
low liver |8-glucuronidase in C3H mice is a characteristic of a single reces¬ 
sive gene. Altliough strain differences have been reported for a few other 
enzymes, this phenomenon has been studied systematically only with 
regard to the inheritance of /3-glucuronidase. It would appear, therefore, 
that in mice, the genetic background of the animal is an impcrtant factor 
in determining tissue /3-glucuronidase activity. 

It has now been established, confirming our previous data (Fishman, 
1951) that sex hormones have the ability of increasing the /3-glucm'oniclase 
activity of certain tissues in mice of both a low- and a high-/3-glucuronidase 
strain. 

Androgen 

In the case of androgen (testosterone propionate), it was possible to 
increase regularly the kidney ^-glucuronidase to levels far above the 
highest values encountered in any untreated normal mice. This phenome¬ 
non has been demonstrated in both C3H and 129 strains of mice (Table 2) 
and in five other strains studied. In the 129 strain, on several occasions, 
^-glucuronidase elevations were seen also in liver and spleen, such changes 
being absent in corresponding groups of CsH mice. Testosterone propionate 
prevented the characteristic rise in /3-glucuronidase of the seminal vesicles 
which ordinarily follows the castration of males of both strains. 

Estrogen 

The action of estrogen (stilbestrol) on the other hand, differed from 
androgen in that kidney /3-glucuronidase was essentially unaffected, and 
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liver and spleen /3-glucuronidase showed significant increases, the extent 
of which depended on the strain and condition of the animals. However, 
in no experiment in C3H mice was it possible to increase liver /3-glucuroni¬ 
dase to the levels found in high /3-glucuronidase strains. This finding con¬ 
trasts with the Irehavior of kidney /3-glucuronidase in testosterone-treated 
low-glucuronidase strains. Seminal vesicle /S-glucuronidase was increased 
by stilbestrol. The experiments in Table 2 were all repeated using 5 y 
instead of 600 y of estrogen and the corresponding results were essentially 
identical except that, in the 129 strain, spleen ]8-glucuronidase was in the 
range of the corresponding untreated control animals and the liver /3- 
glucuronidase of CaH mice did noot increase. 

Testosierone-propionaie and stilbestrol 

In these experiments, stilbestrol alwaj''s counteracted the action of an¬ 
drogen on kidney jS-glucuronidase but androgen had no antagonistic 
action towards stilbestrol’s action on liver, and onlj'’ occasionally, on spleen 
/3-glucuronidase. The data dealing with the uterus show a domination of 
the estrogen effects and those concerning seminal vesicles, except for 
experiment 28, resemble closely the results with androgen alone. 

Another point of interest is the following strain difference: the antagonis¬ 
tic effect of estrogen on androgen-increased kidnej'' /3-glucuronidase is 
more marked in the 129 mice than it is in the C3H strain. 

It appears that kidney |3-glucuronidase is more specifically influenced by 
androgen and estrogen than anj*- of the other tissues studied. It is also 
clear from other unpublished experiments dealing with borneol administra¬ 
tion that the increase found in liver /3-glucuronidase is by no means specific 
for stilbestrol. The possibility noted here of strain and sex differences in 
the ability of the liver to increase its /3-glucuronidase activitj'^ with estrogen 
stimulation may explain the discrepancy in the reports of Kerr, Campbell 
and Levvy (1949) and Fishman (1947). 

Castration effects 

Clear-cut strain and sex differences have been demonstrated in the ex¬ 
periments concerned with the castration of 129 and C3H mice. Thus, cas¬ 
trated females of the 129 strain exhibit significant increases in liver and 
spleen j3-glucuronidase which are not seen in the corresponding experi¬ 
ments with C3H mice; castrated males of the same strain do not show this 
increase. Castrated females of 129 mice (as has been reported for White 
Swiss animals (Fishman and Fishman, 1944; Fishman, 1947) show a 
significant decrease in uterine /3-glucuronidase which is not seen in C3H 
castrate female mice.'On the other hand, castrate male mice of both strains 
‘■'bow a marked rise in the jS-glucuronidase activitj" of the seminal vesicles. 
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Dosage-response curves 

As seen from the dosage-response curves, significant elevations in kidnej^ 
|3-glucuronidase activity were obtained with amounts of testosterone pro¬ 
pionate as little as 0.1 mg. per day. The maintenance of the weight of the 
seminal vesicles has required as much as 1 mg. per day. Accordingly, on 
the basis of these minimal effective doses, it may be stated that the kidney 
jS-glucuronidase response to androgen is a physiological phenomenon. 

Enzyme response to androgen in various strains 

The comparison of the kidney iS-glucuronidase response to testosterone 
propionate in inbred mouse strains indicates real quantitative differences 
ranging from 4 to 13-fold increments. As the only variable which is evident 
is the strain of the animal in these experiments, it is reasonable to assume 
that the /3-glucuronidase response to testosterone is strain-dependent. If it 
is correct to assume that this enzyme phenomenon is an important aspect 
of androgen action in the kidney, the fundamental question follows as to 
whether or not sex hormone effects in general are influenced to an impor¬ 
tant degree by heredity. 


CONCLUSIONS 

1. A new low-/3-glucuronidase mouse strain (AKR) has been found; liver, 
kidney and spleen exhibiting enzyme activity in the range observed for 
previously reported low-/3-glucuronidase strains of inbred mice. 

2. A comparison was made in one high- (129) and in one low- fCsH) 
/3-glucuronidase strain of the effects on tissue /3-glucuronidase of castration 
and the administration of stilbestrol and testosterone propionate, alone 
and in combination. 

3. Testosterone propionate produced marked elevations in kidney j8- 
glucuronidase in mice of both sexes, intact and castrate, of the 129 and 
C3H strains. This action was neutralized usually in part and sometimes 
completely by simultaneous!}'- administered stilbestrol. 

4. Stilbestrol increased the activity of liver /3-glucuronidase in C3H 
mice, although to a much lower level than was characteristic of the liver 
values in the high-glucuronidase strains. 

5. Following castration of male mice of 129 and C3H strains, seminal 
vesicle /3-glucuronidase increased. Testosterone propionate neutralized 
this action. 

6. From dosage-response curves completed in two strains of mice (C3H, 
A Cloudman), it appears that kidney |S-glucuronidase responded signifi¬ 
cantly to 1.4 mg. of testosterone propionate given in divided doses over 
14 days. 
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7. The response of kidney /3-glucuronidase to testosterone propionate 
differed with the strain of mice employed. 
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EXTENDED SURVIVAL OF ADRENALECTOMIZED 
RATS POSSESSING EAR- OR SPLEEN- . 
GRAFTED OVARIES^'^ 


I. J. LICHTON, M. H. GOLDBLATT,^ and S. G. STOLPE 

From the Department of Physiology, University of Illinois, Urbana, Illinois 

I N MOST mammals removal of the adrenal glands results in deleterious 
changes leading to loss of body weight and terminating in death after 
a variable, usually brief, period of time. The female ground squirrel 
(Citellus tridecemlineatus) is apparently an exception to this rule since it 
lives for periods up to one year following adrenalectomy (Groat, 1943). 
Its ovaries are altered to the extent that some ovarian cells are described 
as "adrenocortical-like” and it is this altered histology that is held to be 
accountable for increased survival. 

If an ovary is grafted to the ear of a castrate mouse or rat it becomes 
morphologically and functionally different from control ovaries in that it 
possesses thecal luteinization and it secretes an androgen (Hill, 1937a, 
1937b; Deanesly, 1938). An ovary transplanted to the spleen of a rat 
becomes markedly luteinized, even to the point of luteoma format on, 
after a period of time (Biskind and Biskind, 1944). These two technics for 
producing deviations from normal ovarian structure and function have been 
used to study the possibility that transplanted ovaries, like the intact ones 
of the ground squhrel, may protect adrenalectomized animals against 
death from adrenal insufficiency. Hill (1948,1949) demonstrated that ovar¬ 
ies grafted to the ears or spleen of mice can extend survival time following 
adrenalectomy (averages, 121-137 days as compared to 6.7-12.0 days for 
adrenalectomized controls). The present experiment indicates that grafted 
ovaries can extend survival following adrenalectomy in the albino rat as 
well and that ovaries grafted when immature are as effective as mature 
ovaries. 


MATERIALS AND METHODS 

200 male and female albino rats of the Wistar strain were used in this experiment. 
189 of these were dixdded into four groups; 
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Group I. Adrenalectomized controls. 16 mature males and 40 mature females (weight 
38-170 gm.) were subjected to no operative procedures before adrenalectomy. 

Group II. Sham-operated adrenalectomized controls. 20 males and 17 females at the 
age of 21 days (weight 20-42 gm.) were castrated and implanted with a piece of uterus 
the size of an immature ovary into the spleen. 

Group III. Ear-implanted experimentals. 29 mature females (weight 40-170 gm.) 
were castrated and autoplastically implanted with ovaries into the ears. 

Group IV. Spleen-implanted experimentals. 27 males and 29 females at the age of 21 
days (weight 19-46 gm.) and 11 mature females (40-170 gm.) were castrated. The 
females were then autoplastically implanted with an ovary into the spleen and the males 
were implanted with an ovary from a littermate female into the spleen. 

All animals of all groups were bilaterallj^ adrenalectomized 2-4 weeks after previous 
operations or when they matured. All animals were maintained on Purina laboratory 
chow and tap water, both ad libikim. The rats were weighed everj' 4 daj'S following 
adrenalectomj', and thej^ were examined dailj’ to determine survival. The bodj' weights 
and survival times in daj's following adrenalectomy were recorded for rats found dead. 
Since most control rats died within 25 daj-s we arbitrarily considered as survivors only 
those rats that livec\ at least 3 times that long (75 da 3 's). Rats surviving 75 daj’S or more 
were examined for presence of grosslj' visible adrenal regrowths and rests in the ab¬ 
dominal cavity, especially in the area of the kidneys. Reproductive function of 5 ear- 
implanted and 3 spleen-implanted mature females which had survived 168 days after 
adrenalectomj’’ was studied bj’ observing vaginal smears and copulation plugs. Standard 
histological technics were employed to studj’ the structure of the grafts and suspected 
adrenal regrowths and rests. 

Those experimental rats surviving more than 75 days were subjected to a standardized 
stress test (Marmorston-Gottesman and Gnttesman, 1928) consisting of intraperitoneal 
injections of 15 mg. per 100 gm. bodj’ weight of histamine diphosphate. Under the con¬ 
ditions of this test intact rats survive and completely adrenalectomized rats die within 
24 hours. Six intact and 5 newlj’ adrenalectomized (3-4 days postoperative) rats were 
used as controls. By the use of the test it was hoped that the survival of rats possessing 
ovarian grafts could be compared with that of intact and adrenalectomized controls 
for the purpose of determining the adrenocortical-like protective action of the ovarian 
grafts. The time of death was noted for those rats which died within 24 hours after the 
histamine injection. Death within 24 hours was considered evidence for the presence 
of adrenocortical insufficiencj’. 


RESULTS 

Survival. The results regarding survival are summarized in Table 1. 
Group I (adrenalectomized controls). 8 out of 56 rats -wdrich lived longer 
than 75 days (range, 102-168 days) were found to possess large adrenal 
regrowths and hence were eliminated from consideration. 45 out of the 
remaining 48 adrenalectomized rats died within 23 daj’^s after adrenalec¬ 
tomy (mean, 13.7 + 0.6 daj'^s; range, 4-23 days) and one died on the 53rd 
day. Two rats of this group survived 88 and 95 days; no adrenal tissue 
could be found to account for their prolonged survival. As tested by the 
X' method, no significant differences in survival were found between males 
and females (see Table 2). 
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Table 1. Summary of survival data 


Group 

No. of 
rats 

No. 

eliminated 
for re¬ 
growths 

No. con¬ 
sidered 

No. 

surviving 
75 days 
or more 

No. 

surviving 
30 days 
or less 

Adrenalectomized controls 
Sham-operated adrenalectomized 

56 

8 

48 

2 

45‘ 

controls 

37 

2 

35 

3 

32 

Ear-implanted experimentals 

21 

1 

20 

4 

16 

Spleen-implanted experimentals 

67 

2 

65 

18 

42”- 


' One rat died 53 days after adrenalectomy. 

^ Five rats died 35, 50, 53, 55, and 56 days after adrenalectomy. 


Group II (sham-operated adrenalectomized controls). 32 out of 37 
adrenalectomized rats each bearing a uterine graft in the spleen died within 
18 days after adrenalectomy (mean, 11.3 + 0.5 days; range, 5-18 days). 
Two rats were eliminated because of adrenal regrowths. The remaining 3 
rats of this group survived 76, 78, and 113 days after adrenalectomy and 
were then killed for autopsy. No significant differences in survival were 
found to exist between males and females of this group. 

Since the test revealed no significant difference in survival between 
rats of Groups I and II, the results of both control groups may be com¬ 
bined; 5 out of 83 combined controls survived 75 days following bilateral 
adrenalectomy. 

Group III (ear-implanted experimentals). 4 out of 21 rats of this 
group had survived up to the time they were killed on the 168th day after 
adrenalectomy. A 5th survivor possessed a large adrenal regrowth and was 
eliminated from the results. The other 16 rats died within 30 days (mean, 
13.6 ±1.5 days; range, 7-29 days). We shall define a survival ratio (a/d) as 
the ratio of the number of rats which survive at least 75 days after adrenal¬ 
ectomy, a, to those which survive less than 30 days, d. For this group it is 
4/16, which is significantly greater than that of the combined controls 
(5/77). 

Table 2. Statistical analysis of survival data 



Hypothesis 

x' 

V 

Survival ratio* is independent of; 

1. Sex of adrenalectomized controls 

.979 

> .30 

2. 

Sex of sham-operated adrenalectomized controls 

.580 

> .30 

3. 

Sex of immature spleen-implanted experimentals 

.164 

> .50 

4. 

Site of graft: ear or spleen 

.752 

> .30 

5. 

6. 

Presence of uterine (sham) grafts in adrenalectomized 
controls 

Presence of ovarian grafts 

.653 

13.355 

> .30 
<.01** 


* Survival ratio is the ratio of the number of rats surviving 75 days or longer to those 
surviving less than 30 days after adrenalectomy. 

** Hypothesis is rejected at the 1% level of confidence. The 5 preceding hypotheses are 

accepted. 
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Group IV (spleen-implanted experimentals). 2 out of 67 rats possess¬ 
ing ovarian implants in the spleen survived more than 75 days after 
adrenalectomy but were eliminated from consideration because they 
possessed large adrenal regrowths. 18 of the remaining 65 spleen-implanted 
rats survived at least 75 days after adrenalectomy (maximum, 168 da 3 's) 
before being killed and were found to possess no adrenal rests or regrowths. 
42 of the remaining 47 rats died within 30 days (mean, 14.7 + 0.7 days; 
range, 8-30 days) and 5 rats of this group died 35, 50, 53, 55, and 56 daj^s 
following adrenalectomy. No significant survival differences were found 
between males and females, or between rats with mature and immatui’e 
ovarian grafts. The ratio (a/d) of the number of rats which survived at 
least 75 daii-s after adrenalectomy, a, to those which survived less than 30 
days, d, is significantly higher for this experimental group, 18/42, than 
for the controls, 5/77. 

Statistical anatysis shows that no significant survival difference exists 
between the rats with ovaries grafted to the ears and those with ovarian 
grafts to the spleen. Thus the combined survival ratio for groups III and 
IV is 22/58. 

Body xoeight. The bod}'’ weights of all rats which survived 30 days or 
less showed similar rates of decline. Death from adrenocortical insufficiency 
was consistentlj' preceded by a precipitous drop in body weight. In general ’ 
those rats which survived 75 days or longer showed parallel weight' gains 
regardless of whether they had received ovarian or uterine grafts or none 
at all. 

Adrenal regroioths and rests. Thh’teen rats which had survived 75 days 
were found to possess gross adrenal regrowths and had to be eliminated 
from the survival results (see above). These regrowths appeared at the 
usual site of the adrenal and sometimes reached normal adrenal size. 
Histological examination of the regrowths showed that cords of adreno¬ 
cortical cells differentiated from remnants of the adrenal capsule. In no 
cases were adrenocortical rests as such found in any rats. 

Ovarian function. The 4 mature female ear-grafted rats which survived 
adrenalectomj'’ were examined for evidence of estrous cycles and mating 
behavior. Vaginal smears over a 20-day period showed that all of the rats 
with ovaries grafted to the ears showed normal 4-5 da}'’ estrous cycles. 
When in estrus these rats were observed to mate readily with normal males. 
Presence of copulation plugs confirmed that mating had occurred. The rats 
with ovaries grafted to the spleen showed no evidence of estrous cycles, 
nor would they mate. 

Histology. Only spleen-grafted ovaries were examined in sufficient num¬ 
bers to permit adequate histological analysis. Ovarian grafts from animals 
which survived for a significant period of time after adrenalectomy could 
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not consistently be distinguished from grafts taken from rats which died 
within the control period. In general, the histology of these ovaries was 
similar to that of the grafted ovaries described by Biskind and Biskind 
(1944). Ovaries from both groups varied in size from 2 to 10 mm. in 
diameter and some had follicles in all stages of development, with and 
without ova, and some follicles were cystic. All ovarian grafts were heavily 
luteinized or had infiltration of connective tissue into the corpora lutea. 
The ovarian grafts from animals that failed to survive usually were or¬ 
ganized into discrete, normal-appearing corpora lutea, often surrounded by 
scanty connective tissue stroma. On the other hand the ovaries of rats 
which survived beyond the control period showed evidence of thecal 
luteinization and possessed islands of luteal tissue not organized into 
corpora lutea. These ovaries often appeared to be disorganized and con- 


Table 3. Results of the histamine test for adrenocortical function 


Group 

No. of rats 

No. of rats 
surviving 
<24 hrs. after 
histamine 

No. of rats 
surviving 
>24 hrs. after 
histamine 

Intact rats 

6 

0 

6 

Newly adrenalectomized rats (3-4 da3's be¬ 
fore histamine injection) 

5 

5 

0 

Adrenalectomized controls 

3 

0 

3 

Sham-operated adrenalectomized controls 

3 

3 

0 

Ear-implanted experimentals 

4 

0 

4 

Spleen-implanted experimentals 

14 

9 

5 


tained relatively generous amounts of connective tissue stroma. The 
corpora lutea of these ovaries were rarely normal in appearance due to 
presence of non-luteal cells interspersed among luteal cells, replacement 
of the centers by connective tissue, or complete absence of typical luteal 
cells. In no case did rats possessing ovaries without these histological 
features survive beyond the control period. 

Histamine tests. Table 3 summarizes the results of the histamine tests. 
Three male and 2 female rats adrenalectomized 3-4 days before injection 
of histamine became prostrate and succumbed within an hour after injec¬ 
tion, Three intact males and 3 intact females all regained usual activity 
within 2 hours and survived an observation period of 24 hours. The ability 
of spleen-grafted ovaries to prolong survival times of adrenalectomized 
rats did not necessarily equip them to withstand histamine stress. This 
is seen in the fact that 9 out of 14 of the rats which received ovarian grafts 
to the spleen failed to survive 24 hours after injection. 
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DISCUSSION 

The data presented here indicate that rat ovaries, transplanted to the 
ears or spleen of albino rats, protect a significant proportion of such rats 
against weight loss and death from adrenocortical insufficiency for 75 
days or longer following adrenalectomy. These results corroborate those 
of Hill (1948) who observed that out of a total of 105 mice with ovaries 
grafted to the ears, 52 survived beyond the 29 day limit for adrenalecto- 
mized controls. In the present experiment 20% of the ear-implanted rats 
survived more than 75 days after adrenalectomy, whereas survival was 
49.1% for Hill’s ear-implanted mice. In mice with ovaries grafted to the 
spleen. Hill (1949) found that 32 out of 47 females, or 68.1%, survived 
variable periods beyond 30 days. Survival beyond 75 days following 
adrenalectomy for our spleen-implanted rats was 27.7% compared to 
68.1% survival beyond 30 days for Hill’s spleen-implanted mice. It is 
difficult to explain these species differences; however it should be empha¬ 
sized that these figures represent more agreement than thej’' seem to show 
since Hill did not apply the criterion that animals must live at least 75 
days after adrenalectomy in order to be counted as survivors. 

The survival-prolonging function of rat ovaries is apparently independ¬ 
ent of other ovarian functions. Since ovaries of immature rats afford pro¬ 
tection against death from adrenocortical insufficiency equal to that of 
ovaries of adults, the present data eliminate maturation and estrous 
cycling of ovaries previous to transplantation as a necessary condition 
for prolongation of survival time. 

Deanesly (1938) described a process of “thecal luteinization” in ovaries 
grafted to the ears of castrated male rats. She attributed the observed 
androgenic activity of such ovaries to their state of thecal luteinization. 
In the present experiment, ovaries in rats whose survival exceeded 75 
days after adrenalectomj’' possessed extensive luteinization beyond the 
limits of any corpus luteum. Many of the rats which died within the 
control period had ovaries with a large amount of luteal tissue but in all 
cases it was confined to the limits of corpora lutea. It is likely that this dif¬ 
ference in organization of the luteal tissue in the two groups is associated 
with differences in survival. Very possiblj'' the cells of the ground squirrel 
ovary which Groat (1943) described as “adrenocortical-like” were, in 
fact, luteal cells. 

It is not understood why survival was not extended for all adrenalecto- 
mized mice and rats possessing ovarian transplants. However not too 
much should be expected of grafted ovaries since even adrenals trans¬ 
planted to similar sites offer only partial effectiveness with respect to life- 
prolongation (Stolpe and Schreiber, 1952). 
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Komrad and Wyman (1950) found that adrenal glands auto-trans¬ 
planted to the dorsal musculature could protect all their rats against 
injection of histariiine (in the same form and dosage as in the present 
experiment) after a minimum of 7 days following transplantation. How¬ 
ever, more than half of our rats with spleen-grafted ovaries did not survive 
injection of histamine, although all 4 rats with ear-grafted ovaries did 
survive. Stolpe and Schreiber (1952) found that when adrenal glands were 
auto-transplanted to the same sites, spleen or ears, recipient rats survived 
histamine stress no better than rats with ovarian transplants unless 
sufficient exogenous ACTH was previously administered. It may be 
possible that grafted ovaries require stimulation by an anterior pituitary 
hormone in order to exercise full protective action against histamine 
stress. 

Two hypotheses suggest themselves in explanation of the mechanism 
of the life-prolonging action of grafted ovaries. The first is that the grafted 
ovaries, in consequence of their ectopic position, secrete one or more sub¬ 
stances qualitatively different from other ovarian secretions and life- 
prolonging in action. A precedent for this supposition is the androgenic 
function of ear-grafted ovaries in mice and rats (Hill, 1937a, 1937b; 
Deanesly, 1938; Lampton and Miller, 1940; Hernandez, 1943). 

The second hypothesis is that the grafted ovaries, so highly luteinized, 
secrete sufficient progesterone to account for increased survival after 
adrenalectomy. Much evidence, direct and indirect, has indicated that 
progesterone is able to increase survival of rats for rather short periods 
of time following adrenalectomy (Gaunt, Nelson and Loomis, 1938; 
Greene, Wells and Ivy, 1939; Emery and Greco, 1940). However, experi¬ 
ments in our laboratory demonstrate that progesterone is ineffective in 
prolonging survival of rats more than 2 months after complete removal of 
adrenocortical tissue. For this reason, the first hypothesis is preferred. 

SUMMARY 

Twenty adult female Wistar rats were castrated and autoplasticallj’’ 
implanted with an ovary into each ear. Eleven adult females were cas¬ 
trated and autoplastically implanted with an ovary into the spleen. Fifty- 
four 21-day old males and females wmre also castrated and auto- or homo- 
plastically implanted with an immature ovary into the spleen. These 
rats were adrenalectomized 2 to 4 weeks postoperatively, or when mature. 
Forty-eight adult and immature adrenalectomized rats and 35 immature 
castrated sham-implanted adrenalectomized rats served as controls. 

Seventy-seven out of 83 control rats died within 30 days after adrenalec- 
toni}'’, and 5 survived 75 days or longer. Four out of 20 ear-implanted and 
18 out of 65 spleen-implanted experimental rats survived 75 days or longer. 
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a significantly larger proportion than among the controls. There were no 
differences in survival ratio between the sexes, between mature and im¬ 
mature rats, or between ear- and spleen-implanted rats. 

Ovarian grafts from surviving rats possessed abundant luteal tissue, 
much of it not organized within corpora lutea, whereas the ovarian grafts 
from animals which died within the control period had luteal tissue mostly 
restricted to corpora lutea. 

The ear-grafted ovaries supported normal ovarian cj^cling and mating 
behavior and protected against death from histamine poisoning. The 
spleen-grafted ovaries exhibited no cyclic behavior and protected onlj’’ 9 
out of 14 surviving rats against death from histamine poisoning. 

It is hypothesized that ear- and spleen-grafted ovaries, in consequence 
of their ectopic position, secrete one or more unknovm substances which 
have a life-prolonging action for adrenalectomized rats. 
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THE EFFECT OF GROWTH HORMONE ON 
TIBIA GLYCOGEN CONTENT OF THE 
HYPOPHYSECTOMIZED RAT' 

STANLEY ELLIS, MIRIAM E. SIMPSON and 
HERBERT M. EVANS 

The Instiliite of Experimental Biology and the Department of Anatomy, 
University of California, Berkeley, California 

G lycogen has been implicated in endochondral calcification by Gut¬ 
man and Yii, (1950) in their studies on the effect of several specific 
inhibitors on the enzymes of the glycolytic system. Moreover, Marks and 
Shorr (1950) have shown that a marked diminution of the in vitro cal¬ 
cification of cartilage slices occurs after a preliminary amolytic digestion 
of the glycogen present in epiphyseal cartilage. Since in the immature 
hypophysectomized rat ossification is markedly retarded, it was considered 
of interest to determine the effect of hypophysectomy on the glycogen 
content of actively growing bone. Furthermore, since the administration 
of growth hormone reactivates osteogenesis in immature hypophysec¬ 
tomized rats, a study was made of the effects of growth hormone treatment 
on the glycogen content of bone. 

METHODS 

Female rats of the Long-Evans strain were used. Normal animals twenty-one days 
and older had unrestricted access to Diet XIV; hj^pophysectomized animals were given 
Diet XIV and lettuce, supplemented with wet Diet I.- 

For the determination of glj'cogen, the following procedure was emploj^ed. The left 
tibia of the rat was removed under amytal anaesthesia and rapidly cleaned of muscle 
and connective tissues. The fibula was cut off flush with the surface of tibia and dis¬ 
carded. After cutting the tibia in half both length and cross wise, the tibia was placed 
in 2 ml. hot 30% KOH and digested for 2 hours in a boiling water bath. The centrifuged 
digest was then transferred into a test tube graduated at 3 ml. volume and the bone 
residue remaining was washed twice with h ml. portions of 30% KOH. To the 3 ml. 
volume of the digest, 0.3 ml. 5% NaS 04 was added followed bj^ 4 ml. absolute ethanol. 
After mixing and bringing to a momentary boil, the tubes were chilled for at least 
2 hours at 5° C. The precipitate was then centrifuged and the supernatant fluid decanted. 

Received for publication November 28, 1952. 

' Aided by grants from the U. S. Public Health Service RG-409 and C-1098. 

2 Diet XIV consists of ground whole wheat 67.5%, casein 5%, alfalfa leaf meal 10%, 
fish meal 10%, fish oil 5%, NaCl 1.5%. Diet I consists of ground whole wheat 67.5%, 
casein 15%, skim milk powder, 7.5%, NaCl 0.75%, CaCOa 1.5%, melted fat 6.75%, 
fish oil 1.0%. 
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The precipitate was washed once with 70% and then 95% etlianol and dried. After dis- 
sohdng the precipitate in either 3 or 5 ml. of water, depending on the quantit}’. of gl}'- 
cogen expected, 0.8 ml. aliquots were removed for analj-sis by a modification of the 
anthrone method (Viles and Silvermann, 1949). The 0.8 ml. aliquots were delivered into 
3 ml. glass stoppered volumetric flasks containing magnetically stirred “fleas.” The 
flasks were then chilled in a crushed ice bath. With the “flea” stirring vigoroush', 2.0 ml. 
of anthrone reagent (0.15% in 95% H.SOj) was added rapidly and stirred exactly one 
minute. The volumetric flasks were then transferred to a boiling water bath for exactl 3 ' 

7 minutes at which point maximum color development occurs under the conditions 
here employed. The flasks were then chilled rapidlj- in the crushed ice bath and diluted 
to volume with 2.5:1 HjSOjiHjO. Optical densitj' was measured at 625 mju. Standards 
of twice reprecipitated glj’cogen were analj'zed with each series of samples, since color 
development varies slightlj’ with the age of the antlirone reagent. Analj'ses of known 
solutions of glycogen average 98% recoveiw bj' this method. 

Solutions of purified chondroitin sulfate react with anthrone reagent to give an ab¬ 
sorption curve with a maximum at 625p. The presence of chondroitin sulfate in cartilage 
presented the possibility of interference in the determination of glycogen. This was ruled 
out bj' digestion of purified solutions of chondroitin sulfate in 30% KOH for 2 hours at 
boiling water bath temperature, after which time virtually no color development occurs. 
Furthermore, digestion of the glycogen obtained from bone witli salivary amylase and 
analj'sis according to the above procedure resulted in complete absence of color develop¬ 
ment indicating that the chromogenic substance being determined is glj'cogen uncontam¬ 
inated with chondroitin sulfate. 

The growth hormone used was prepared according to the procedure of Wilhelmi 
et al. (1948) from beef anterior pituitaries and was electrophoretically homogeneous at 
pH 4.0 and 10.0. The minimum effective doses for the demonstration of contaminating 
hormones were determined histologicallj’' on 26 day old hypophysectomized female 
rats (injected for 4 days) and were found to be as follows; thyrotropic, 0.5 mg.; inter¬ 
stitial cell stimulating, 0.5 mg.; adrenocorticotropic, >2 mg.; follicle stimulating, >2 mg. 
The minimum effective dose for growth hormone was 10 gamma as determined bj' the 
tibia assay method of Greenspan el al. (1949). 

RESULTS 

Variations in Tibia Glycogen Content with Age in Normal Animals and 
ivith Post-operative Period in Hypophysectomized Animals. The tibias of 
groups of normal female rats varying in age from 12 to 60 days were 
anal 3 ’'zed for glycogen. The analj’-tical values are presented in Figure 1 in 
graphical form and are plotted as a function of age. It is evident from the 
curve that a maximum glj'-cogen content in the tibia is reached at approxi¬ 
mately 20 daj’^s of age following which there occurs a rapid decline par- 
ticularlj^ notable between 20 and 26 daj^s and declining less precipitousl}’’ 
thereafter. In the period between about 26 and 45 daj’'s the glj’-cogen con¬ 
tent of the tibia remains quite constant but appears to drop sharplj’’ after 
this age. 

Female rats after hypophj’-sectomj’- at 26 daj’-s of age contain consider- 
ablj’’ less gljxogen in their tibias compared to normal animals of corre¬ 
sponding age. The quantitative values are presented in the curve for hj’poph- 
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ysectomized animals in Figure 1. Quite outstanding is the marked de¬ 
crease in glycogen content of the tibia wliicli occurs during tiie two weeks 
following hypophysectomy. Thereafter the decline ceases and a constant 
glycogen content appears to be maintained. 

Effect of Extended Treatment with Groioth Hormone on Glycogen Content 
of Tibia of Hypophysectomized Rats. The animals constituting this series of 



Fig. 1. The variation of tibia glycogen content with age in normal rats, with post¬ 
operative period in h3q3oph3'sectoniized rats, and the effect of gi'owth hormone treatment 
of h 3 qioph 3 ^sectomized rats. The figure adjacent to each point represents the number of 
tibias anab'^zed. 

experiments were injected with 150 gamma of the purified growth hormone 
daily beginning with the day following liypophysectomy. One group of 
animals was thus injected for 7 days, a second for 14, and a third group 
for 21 days. The results of the various periods of growth hormone treat¬ 
ment are given in Figure 1 (Hyp+G.H.). It is evident that treatment of 
hypophysectomized female rats under the given conditions maintains the 
glycogen content of the tibia at a normal level during 1 and 2 weeks of in¬ 
jection with growth hormone following hypophysectomy. Furthermore, 
whereas the glycogen begins to fall rather sharply after 45 days of age in 
normal animals, the glycogen content of the treated hypophysectomized 
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rat tibia of tlie corresponding age is still increasing after 3 weeks of injection. 
Effect of Growth Hormone on Tibia Glycogen Content of Tioo-week Post¬ 
operative Animals. The data p]-esented in the preceding paragraphs indicates 
that growth hormone is capable of preventing the marked decline in the 
tibia glycogen content Avhich follows hj’pophysectomy. In order to deter¬ 
mine whether growth hormone is capable of restoring to normal the 
glycogen content of tibia which are already depleted of glycogen, the fol¬ 
lowing experiment was performed. Hypopliysectomized female rats 39 
days old, 13 days postoperative were injected daily for 4 days with various 
doses of growth hormone. Tlie animals were aiitopsied on the fifth day and 
tibia glycogen analyzed. The results are presented in Table 1 and indicate 
that the glycogen content can be i-estored to noi-mal if sufficientlj’’ large 
doses are given. 


Tabi.k I. The effect of gkowth hokiione ox tibia gevcocex of 

HYFOBHYSECTOMIZED RATS 


Number of animals 

Tyjio and age 

Total dose growth 
hormone per 4 days 
(mg.) 

Tibia glycogen 
(mg.)' 

6 

Normal—41 days old 

0 

0.26 

(0.23-0.29) 

6 

Hypophj'sectomized 26 day 
4-13 day postoperative 

0 

0.15 

(0.13-0.16) 

5 

Hypophysectomized 20 day 
4-13 day postoperative 

0.1 

0.17 

(0.16-0.19) 

6 

Hypopliysectomized 26 day 
4-13 d.aj^ postoperative 

0.5 

0.20 

(0.19-0.23) 

6 

Hypophysectomized 26 day 
-t-13 day postoperative 

1.0 

0.24 

(0.20-0.27) 


‘ Mean value and range of variation. 


Normal female rats, 50 days old and averaging 110 grams weight, when 
treated with a 2 mg. dose of growth hormone for 4 daj’^s showed no change 
in tibial glycogen compared with uninJected controls. Over this period of 
treatment, the injected animals averaged a 5 gram weight gain above the 
controls. 

Effect of Growth Hormone on Tibia Glycogen Content of Fasted Hy- 
pophysectomized Rats. In fasting lij’-popliysectomized rats, gljTogen stores 
in the gastrocnemius and lieart muscle are abnormal^ depleted (Illing- 
wcrth and Kussell, 1951). However, when growth hormone is administered 
to such animals during the fast, restoration of glycogen stores to fasting 
levels of the intact animal occurs. To determine whether tibia gl 3 ’-cogen 
behaves similarlj’’ the following experiment was carried out. Hj’'pophysec- 
tomized female rats were fasted 24 hours receiving growth hormone at 0 
and 12 hours of fasting. The gl.vcogen content of the tibias as compared 
to that at onset of fasting and in uninJected fasting hj^Dophysectomized 
controls at time of autopsy are presented in Table 2. The data indicate 
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that neither fasting nor growth hormone treatment effected any alteration 
in the glycogen content of the tibia. The ineffectiveness of growth hormone 
under these conditions is probably attributable to the relatively short 
duration of treatment. However, the 24 hour period of fasting is adequate 
to deplete muscle glycogen stores abnormally in hypophysectomized rats 
(Russell, 1950). 

Table 2. The lack of effect of growth hormone on tibia glycogen 

OF FASTING HYPOPHYSECTOMIZED RATS 


Number of animals 

Type and age 

Treatment 

Tibia glycogeW 
(mg-) 

6 

11 day postoperative. 

Onset of fast 

0.16 


39 days old 


(0.13-0.18) 

8 

11 day postoperative. 

Fasted, 0.5 mg. G. H. 

0.15 


39 days old 

at 0 and 12 hours 

(0.11-0.19) 

7 

11 day postoperative. 

Fasted, uninjected 

0.15 


39 days old 


(0.12-0.18) 

' Mean value and range of variation. 


SUMMARY 

The glycogen content of the tibia from young normal, hypophysec¬ 
tomized, and growth hormone-treated hypophysectomized rats has been 
presented. The glycogen content of the tibia from immature hypophysec¬ 
tomized rats was found to decrease after operation more markedly than in 
unoperated animals of corresponding age, and reached a constant low 
level about two weeks postoperative. By treating hypophysectomized rats 
with growth hormone daily for one to three weeks after operation, it was 
possible to maintain the glycogen content of the tibia at normal or higher 
levels. The administration of growth hormone to hypophysectomized 
rats already possessing a low content of tibia glycogen increased this to 
normal when given in sufficiently large doses. Twenty-four hours of fasting 
did not further alter the low glycogen content of the tibia in hypophysec¬ 
tomized rats, nor was there any detectable change when growth hormone 
was administered during the fast. 
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THE ENTEROHEPATIC CIRCULATION OF THYROXINE 

IN THE RAT^ 


,F. N. BRIGGS,- ALVIN TAUROG ax0 I. L. CHAIKOFF 

Department of Physiology of the University of California School of Medicine, Berkeley 

I T WAS reported previously that, in the rat, thjni-oxine is excreted pri¬ 
marily by way of the bile and that the excretion product is a thjToxine- 
containing compound which we have designated “Compound U” (Taurog, 
Briggs, and Chaikoff, 1951, 1952). This compound is the normal, physio¬ 
logical excretion product of thyroxine in the rat, and has tentatively been 
identified as the glucuronide of thyroxine. 

The existence of such a mechanism for the excretion of tliju-oxihe raises 
the question as to its effect on the reabsorption of the hormone from the 
gut. In our earlier work, it was found that a large fraction of injected 
thyroxine appeared in the feces. This finding, together with the observa¬ 
tion that there is no discernible Compound U in rat plasma, led us to 
suspect that thyroxine, in the form of Compound U, is not well absorbed 
from the intestinal tract. 

The present report describes some experiments designed to stud}'- more 
directly the enterohepatic circulation of thyi'oxine and the manner in 
which it is affected by the conversion of thyroxine to Compound U. 

EXPERIMENTAL 

The general design of the experiments Avas as folloAA's: Bile was collected 
by fistula from 2 groups of donor rats: 1) rats injected with 100 to 125 pg. 
of I^®'-labeled L-th}a'oxine (rats A-E, Table 1); 2) untreated rats (rats 
F-L, Table 1). The bile obtamed from the untreated rats was made to 
contain known amounts of either I“'-labeled L-thyroxine or I'^^-labeled 
Compound U by the addition of purified samples of these compounds 
(Table 1). The bile samples prepared as described above were then dripped 
slowly, via the bile duct, into the duodenums of recipient rats. (The treat¬ 
ment of both donor and recipient rats is shown in Table 1.) The bile pro¬ 
duced by the recipient rats was collected by fistula, analyzed for total 
and, where the amount of activity was .sufficient, fractionated by the 
method of filter paper chromatography. The details of these procedures are 

Heceiveil for puhlicMtion December 1, 1952. 

' Aklecl by a Ki'uat from the U. S. Public Health Service. 

" Pre.ecnt addre.ss; Harvard School of Dental Medicine, Boston 15, ?iIassachnseUs. 
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Tablk 1. Treatment of donor and recipient rats 


Recipient rat 



--- 

No. 

Volume 
of bile 
infused 

Interval 

during 

which 

bile 

infused 

Donor rats 
from which 
bile was 
obtained 

Treatment of donor 
rats 

- 

I'^'-compounds in 
infused bile 

1 

cc. 

8 

hr. 

6 

A-C 

Injected with 100 fig. 

Compound U (62%); 

2 

8 

6 

(pooled bile) 
A-C 

radiothju-oxine 
Injected with 100 fig. 

thyroxine (36%) 
Compound U (62%); 

3 

8 

6 

(pooled bile) 
A-C 

radiothyroxine 
Injected with 100 fig. 

thyroxine (36%) 
Compound U (62%); 

4 

10 

6.5 

(pooled bile) 
-D 

radiothyroxine 
Injected with 125 fig. 

thyro.xine (36%) 
Compound U; thjwoxinc* 

5 

10 

1 

3 

E 

radiothjwoxine 
Injected with 100 fig. 

Compound U; th 3 'roxine* 

/ 

Thyroxine (added) 

6 

10 

7 

F 

radiothyroxine 

None 

7 

10 

7 

F 

None 

Thyroxine (added) 

8 

. 11 

6 

G 

None 

Thyroxine (added) 

9 

8 

4 

H 

None 

Thyroxine (added) 

10 

20 

9 

J 

None 

Compound U (added) 

11 

13 

G 

K 

None 

Compound U (added) 

12 

10 

7.5 

L 

None 

Compound U (added) 


* The bile which was infused into rats 4 and 5 contained much more Compound U than 
thyroxine, as shown by the radio-autograms of the chromatograms. Quantitative estimates of 
the relative amounts were not made, however. 


described below. Intestinal absorption of the infused was determined 
in the recipient rats by the difference between administered and 
appearing in feces and gastrointestinal contents. 

Preparation of P^^-Labeled L-Thyroxine. —L-thyroxine (Glaxo Labora¬ 
tories)^ was incubated at 60° with I^^Mabeled molecular iodine in 

50 per cent ethanol solution at pH 4-5. After 30-60 minutes the thyroxine 
was precipitated by the addition of water, centrifuged, and washed several 
times with water. The thyroxine crystals were dissolved in a small amount 
of 0.02N NaOH, and the desired volume made with isotonic NaliCOs. The 
specific activity of the final product was generally about 2 /xc. per /ig. of a 
purity previousl 3 '’ described (Taurog, Briggs, and Chaikoff, 1952). 

I^^^-activity in the various tissues of the rat was determined by dissolving 
the tissue in strong alkali, drying a small aliquot in a procelain dish, and 
counting the (3-radiation with an end-window Geiger tube. Because of the 
limitations of this procedure, measurements of in the rat carcasses were 
subject to considerable error, and in the cases where tlie amount of 
administered to the recipient rats was relatively small, no measurements of 
carcass-P^^ are reported. 

5 We are indebted to Dr. B. A. Hems, Research Division, Glaxo Laboratories, Ltd., 
for a generous suppl}^ of L-thyroxine. 
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RESULTS 

I. Experiments with Bile Obtained from Donor Rats Injected with 
Laheled Thyroxine 

Three donor rats (A-C, Table 1) wei'e injected subcutaneously with ap¬ 
proximately 100 fig. of I^^Llabeled L-thjToxine, and their bile ducts were 
cannulated for bile collection as described elsewhere (Taurog, Briggs, and 
Chaikoff, 1951). The bile samples obtained during the interval 3-12 hours 
after the injection were pooled and saved for injection into recipient rats. 
Analysis of this bile by the method of filter paper cliromatographj'' (Taurog, 
Tong, and Chaikoff, 1950) showed that Compound U accounted for 62 
per cent, and thyroxine for 36% of the total radioactivity (Fig. la). 

To study the enterohepatic circulation of these compounds, 3 recipient 
rats were treated as follows: Two cannulae were inserted into the bile duct: 
one was placed in the proximal, or hepatic, end of the duct, and the other, 




-s 



Tx 




0 


.0 


a b c 

Fig. 1. Riidioautograms of .asceiuling filter p.aper chromatograms; a) Bile from donor 
rats, A-C, used for infusion into recipient rats, 1-3; b) Bile collected from recipient rat 
7, 7.5-18,5 hours after infusion of bile containing added I'^'-thyroxine; c) Bile containing 
added Compound U for infusion into recipient rat 10, prepared as described in text. 
Solvent, collidine-water (100:35) in an ammonia atmosphere. O, origin; U, Compound 
U; Tx, thyroxine; I, inorganic iodide; S, solvent front. 
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in the distal, or duodenal, end (Siperstein, Hernandez, and Chaikoff, in 
press). The cannula in the distal segment was attached to the barrel of a 
10-cc. syringe through a drip apparatus. 8 cc. of the bile obtained from 
the donor rats referred to above were added to each of the 10-cc syringes. 
The height at which the syringe Avas held served to control the rate at 
which the bile dripped into the rat, and this was made to approximate the 
rate at Avhich the recipient rat produced bile. Each recipient rat receded 
bile for a period of 6 hours, whereas the bile was collected from this same 
rat for 65 hours. During that 65 hours, bile was collected serially in order 
to determine the rate as Avell as the extent of the recirculation of 

The rate of appearance of -the in bile of recipient rats 1-3 is shown 
in Figure 2A. Over the entire period of 65 hours, only 5-15% of the ad¬ 
ministered appeared in bile. The greatest part of this was secreted 
during the first 15 hours. In 2 other recipient rats (4 and 5, Fig. 2A) infused 
with bile from separate donor rats (D and E, Table 1), 9.3 and 7.6% of the 
administered 1“^ appeared in the bile in 41 and 51 hours, respectively. Thus 
it would appear that after an injection of I^^’^-labeled thyi-oxine only about 
10% of the excreted into the bile undergoes enterohepatic circulation. 

The fate of the rest of the that recipient rats 1-3 had received is 
shown in Table 2. By far the largest fraction of the infused into the 
duodenums of the recipient rats Avas found in the feces (64-76%). It is 
unlikely, on the basis of preAuous work by Gross and Leblond (1947), that 
any appreciable part of the fecal I^®^ represents iodine which had been ab¬ 
sorbed and subsequently resecreted through the intestinal AAmll. The large 
fraction of the I^^^ appearing in the feces, therefore, makes it eAudent that 
approximately 70% of the infused I*®^ Avas not absorbed. Of the 30% that 
was absorbed, only about one third Avas recirculated into bile. 


Table 2. Fate of enterai.ly administered I”‘ in recipient rats 
(The rats recorded below are the same as those referred to in Figure 2. All values 
refer to percentages of the administered I'^‘) 


Recovery 


Infused with bile obtained 
from Ii3i_thyroxine- 
injected donor rats 


Infused with bile containing added 
I^^t-thyroxine 


Rat 1 

05 hrs. 

Rat 2 

65 hrs. 

Rat 3 
65 hrs. 

Rat 0 
64 hrs. 

Rat 7 
64 hrs. ' 

Rat 8 
37i hrs. ' 

Rat 9 
67 hrs. 

Rat 10 
08i hrs. 

Per cent 
of 

admin¬ 
istered 
im 1 

Per cent 
of 

admin¬ 

istered 

1131 1 

Per cent 
of 

admin¬ 

istered 

jm 

Per cent 
of 

admin¬ 

istered 

JI31 

Per cent ' 
of 

admin¬ 

istered 

Jl3l 

Per cent 
of 

admin¬ 

istered 

1131 1 

Per cent 
of 

admin¬ 

istered 

TI31 1 

. _ 

Per cent 
of 

admin¬ 

istered 

Iisi 


Infused with bile containing 
added R^i-Compound U 


Per cent 
of 

admin¬ 

istered 



* The urine values are only approximate since the urine samples were contaminated with feces 
t Measurement not made. 

t Concentration of I”i too low for measurement. 
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Fig. 2. Cumulative excretion of I”' in bile of recipient rate; A) Rate 1-5, infused 
with bile obtained from I‘^‘-thyroxine injected rate; B) rats 6-9, infused with bile con¬ 
taining added P^'-thyroxine; C) rats 10-12, infused with bile containing added I”'- 
Compound U. 
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II. Experiments with Bile to Which P^^~Labeled L-Thyroxine T7os Added 

The experiments described above were performed with bile containing 
both thyroxine and Compound U. It became of interest to determine 
whether the enterohepatic circulation of these 2 compounds differed, and 
the experiments designed to test this point are described in the present 
and following sections. 

Nonradioactive bile was collected from donor rats that had not been in¬ 
jected with (F-H, Table 1). To this bile was added I^^Mabeled L-thy- 
roxine,. prepared as described above. 8-11 cc. of such thyroxine-containing 
bile were then infused slowly into the duodenums of 4 recipient rats via 
the bile duct, just as described in Section I. Rats 6 and 7 received, in this 
manner, approximately 8 ng. of thyroxine iodine, whereas rats 8 and 9 
were infused with approximately 0.9 and 0.5 yg. of thyroxine iodine, 
respectively. Bile was collected from rats 6 and 7 for 64 hours, and from 
rat 8 for 67 hours. Rat 9 removed its bile cannula after 37.5 hours, and the 
bile collection was therefore terminated at that interval. 

The rate of appearance of the in the bile of the recipient rats is shown 
in Figure 2B. 17-31% of the infused appeared in bile during the collec¬ 
tion periods. These values are significantly higher than the corresponding 
values observed for rats 1 to 5 (p <0.01). The biliary excretion of the ad¬ 
ministered by rats 6 and 7, which received 8 gg. of thyroxine iodine, 
did not differ appreciably from that by rats 8 and 9 wdiich received one- 
tenth as much thyroxine. 

The bile collected from rats 6 and 7 was analyzed by the method of filter 
paper chromatography. The radioautograms (Fig. lb) show that the 
thyroxine which recirculated into the bile was present primarily in the 
form of Compound U. Only a very small part of the 1“^ appearing in bile 
was unchanged thyroxine. The bile from rats 8 and 9 did not contain a 
sufficient concentration of to permit analysis by paper chromatography. 

The fate of the remainder of the thyroxine infused into recipient 
rats 6 to 9 is shown in Table 2. The largest fraction of the was again 
found in the feces. However, the total absorption of was 41-68%, 
significantly higher (p~.02) than the absorption of in rats 1-3 (24- 
36%, Table 2). 

III. Experiments xoith Bile to Which P^vhabeled Compound U Was Added 

Purified samples of Compound U were obtained in the following manner: 
A rat was injected subcutaneously with 100-150 yg. of I^^Mabeled L-thy- 
roxine, and its bile duct was cannulated. The bile was collected during an 
interval when the concentration of Compound U was maximum (e.g., 8 to 
14 hom-s). It was brought to pH 3.5-4.0 with dilute HCl, and extracted 
with an equal volume of n-butanol. A total of 200 juh of the butanol extract 
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was delivered in 25 lA. portions on each of 24 filter paper strips. Compound 
U was separated from other I^^*-containing components of bile by chro¬ 
matography in collidine-water-NHs, as previously described (Taurog, 
Briggs, and Chaikoff, 1952). The sections of the filter paper chromato¬ 
grams corresponding to Compound U were cut out, and each was eluted 
with approximately 0.3 ml. of .02N NaOH. The eluates of the 24 strips 
were combined and concentrated to a volume of approximately 1 ml. m 
vacuo at about 45°. 

Three samples of Compound. U were prepared as described alrove. The 
quantity of Compound U iodine was estimated from its radioactivity and 
from the known specific activity of the injected thyroxine iodine, on the 
assumption that the specific activity of the Compound U iodine was very 
close to that of the injected thjTOxine iodine. The Compound U samples 
were added to nonradioactive bile obtained from donor rats J-L, for in¬ 
fusion into recipient rats 10-12. Rat 10 received approximately 0.5 fig. of 
Compound U iodine in 20 cc. of bile; rat 11 received approximately 1.5 fig. 
of Compound U iodine in 10 cc. bile; and rat 12, approximately 2 fig. of 
Compound U iodine in 13 cc. bile. The infused bile samples were analyzed 
by paper chromatography. At least 90% of the P** was present in the form 
of Compound U (Fig. Ic). 

The rate at which the infused Compound U-P®* appeared in the bile of 
the recipient rats is shown in Figure 2C (rats 10-12). Values of 9.6, 12.2, 
and 20.3% of the administered P’‘ were obtained in 49 to 68 hours. These 
values appear to be somewhat lower than those obtained after the infusion 
of bile containing I‘^‘-thyroxine (rats 6 to 9, Fig. 2B), although the differ¬ 
ence between the mean values is not statistically significant (0.2>p>0.1). 

The fate of the remainder of the in rats 10-12 is shown in Table 2. 
By far the largest fraction of the administered P^^ appeared in the feces 
60-76%). The absorption of in these rats (24-40%) was significantly 
less (p~0.02) than the absorption of in the rats which received labeled 
thjToxine (41-68%). It may be concluded, therefore, that Compound U 
is less readily absorbed than thyroxine from the gastrointestinal tract of 
the rat. 

DISCUSSION 

It has been demonstrated by manj’^ investigators, using rabbits (Elmer 
and Luczynski, 1933), cats (Clayton el al., 1950), and dogs (Asimow and 
Estrin, 1931; Schittenhehn and Eisler, 1932), that a significant portion of 
an enterally administered dose of thyroxine iodine appears in the liile. The 
nature of this iodine could not be determined with certainty by previous 
methods, lint several workers have suggested the possiliility of an entero- 
hepatic circulation of thjToxine (Leblond, 1951; Albert et al., 1952). 

The method of filter paper chromatography has now made it possible to 
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separate thyroxine from other closely related iodine compounds. The ap¬ 
plication of this method of analysis to bile collected from rats injected witli 
small doses of I^^Mabeled thyroxine has revealed that, although some un¬ 
changed thyroxine is present, most of the is in the form of a conjugated 
thyroxine compound which we have called Compound U. 

In the experiments reported here, we have attempted to measure the 
intestinal absorption and the enterohepatic circulation of thyroxine and of 
its excretion product. Compound U. Bile obtained from rats injected with 
100 to 125 ng. I^^^-thyroxine, and containing in the form of both Com¬ 
pound U (approximately f) and thyroxine (approximately |), was slowlj^ 
infused, via the bile duct, into the duodenums of recipient rats. Approxi¬ 
mately 30% of the was absorbed. The bile secreted by the recipient 
rats contained 5.5 to 14.7 (average 9.6%) of the administered or ap¬ 
proximately I of the absorbed From these data it may be concluded 
that of the iodine which is secreted into the bile of a rat following the in¬ 
jection of thyroxine, only about 10% undergoes enterohepatic circulation. 

Experiments were carried out to determine Avhether there was any ap¬ 
preciable difference between unchanged thyroxine and Compound U in the 
extent of their absorption and enterohepatic circulation. In these experi¬ 
ments, purified samples of T^’-thyroxine or of P®^-Compound U were added 
to nonradioactive bile. The bile prepared in this manner was then infused 
into the duodenums of recipient rats from which bile was also collected. 
The rats that received bile containing added I^^*-thyroxine absorbed 41-68 
(average 58) % of the administered I^*^, significantly more than the rats 
that received bile containing P^^-Compound U. In both groups, J to | of 
the absorbed I^^’- was recirculated into the bile, mostly in the form of 
Compound U. 

It does not seem likely that absorption of Compound U depends on its 
hydrolysis to thyroxine. It was reported previously (Taurog, Briggs, and 
Chaikoff, 1952) that Compound U is not hydrolyzed by the enzymes of the 
upper intestinal tract, although it is hydrolyzed by the contents of the 
lower bowel. 

The finding that Compound U is less readily absorbed from the gastro¬ 
intestinal tract than is thyroxine provides added evidence that the con¬ 
version of thyroxine to Compound U is a mechanism for ridding the or¬ 
ganism of excess thyroxine more efficiently. It is pointed out elsewhere 
(Briggs, Brauer, Tauz'og, and Chaikoff, in press) that tlie liver secretes 
Compound U into the bile more readily than it does unchanged thyroxine, 
and that the conversion of thyroxine to Compound U in the rat is, there¬ 
fore, probably a simple detoxification reaction. This detoxification mecha¬ 
nism, however, is quite limited in the rat, and seems to break down when 
very large doses of thyroxine are administered. 



May, 1953 ENTEROHEPATIC CIRCULATION OF THYROXINE 


567 


In a recent paper, Albert el al. (1952) reported on the absorption of 
thyroxine from isolated portions of the gastrointestinal tract of the rat. 
Using I'^Mabeled L-thyroxine obtained from Abbott Laboratories, these 
workers reported 20 to 25% absorption from the small Ijowel. These values 
are somewhat lower than the ones observed here. 

SUMMARY 

1. The absorption and enterohepatic circulation of thyroxine and its 
excretion product, Compound U, were studied in the rat. 

2. Bile obtained from rats injected wdth 100 to 125 ng. of I^^^-labeled 
L-thyroxine was infused slowly, via the bile duct, into the duodenums of 
recipient rats. The in the infu.sed bile, which was largely in the form 
of Compound U, was absorbed to the extent of 25 to 35%. 5.5 to 14.7% 
of the administered appeared in the bile secreted by the recipient ani¬ 
mals in 65 hours. 

3. I'^ciabeled L-thyroxine was added to nonradioactive bile and infused 
slowly, via the bile duct, into the duodenums of recipient rats. The ab¬ 
sorption of the thyroxine iodine varied from 41 to 68%. The which 
appeared in the bile secreted by the recipient rats varied from 17 to 31% 
of the administered U’’. 

4. I'^cialjeled Compound U, isolated by elution from filter paper chro¬ 
matograms, was added to nonradioactive bile and infused slowly into the 
duodenums of recipient rats. The absorption of the iodine varied from 24 
to 40%. The which appeared in the bile of the recipient rats varied 
from 9.6 to 20.3%. 

5. Compound U is less readily absorbed from the gastrointestinal tract 
than is thyroxine. The conversion of thyroxine to Compound U in the rat 
therefore permits the animal to eliminate excess th 5 TOxine somewhat 
more efficiently. 
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THE EFFECTS OF IODIDE, PERCHLORATE, THIOCYA¬ 
NATE, AND NITRATE ADMINISTRATION UPON THE 
IODIDE CONCENTRATING MECHANISM 
OF THE RAT THYROID* 

JAMES B. AA^YNGAARDEN,t JOHN B. ST ANBURY 
AND BETTY RAPP 

Massachusetts General Hospital, Boston, Massachusetts 

T he thyroid gland of an animal chronicallj'^ treated with a thiouracil- 
like drug, although unable to manufacture thyroid hormone, mani¬ 
fests a remarkable ability to collect and concentrate the iodide ion (Vander- 
laan and Vanderlaan, 1947; Taurog, Chaikoff, and Feller, 1947). About one 
hour after the subcutaneous administration of iodide in rats the thyroid 
exhibits an average concentration gradient of 250 over the serum. Taurog, 
Chaikoff, and Feller (1947) noted this ratio to be unchanged when 2 pg. or 
100 pg. of iodide were given to adult rats. Vanderlaan and Vanderlaan 
(1947) found that the gradient remained constant when doses up to 100 
pg. of potassium iodide were administered in young rats, but that when 
larger quantities were given it diminished progressively. However, even 
when 10,000 pg. were given the gradient was not abolished completely, a 
concentration of 3 fold persisting in favor of the gland. 

In contrast to the action of the thiouracil-like agents, the antithyroid 
action of thiocyanate is characterized by interference with thyroidal col¬ 
lection of inorganic iodide (Franklin, Chaikoff, and Lerner, 1944). Thio¬ 
cyanate has also been shown to discharge iodide previously accumulated 
by the thyroid gland of the rat treated with propylthiouracil (Vanderlaan 
and Vanderlaan, 1947). Recently, it has been found (W 3 ''ngaarden, Wright, 
and Ways, 1952) that certain monovalent anions, principally the halogen 
oxides, share with thiocyanate the properties of inhibiting collection and of 
interfering with retention of the iodide ion within the thyroid gland. 
Perchlorate, the most potent anion of this group, was 10 times as effective 
as thiocyanate in this capacity. The effectiveness of perchlorate as an 
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iodide discharging agent and as an uptake inhibitor has also been demon¬ 
strated in the thyroid patient (Stanbury and Wjmgaarden, 1952). 

The present report describes studies upon the comparative effects of 
graded “carrier” doses of four agents, perchlorate, thiocyanate, inert 
iodide, and nitrate, upon the ability of the thyroid gland to maintain a 
concentration gradient of radioiodide over the serum. 

METHODS 

Male IVistar rats in groups of 24-36 animals, having group average weights of 155- 
196 gm., were treated for 14 or more da 3 -s with the antithjwoid regimens specified in 
Table 1. In most experiments, one hour prior to the administration of radioiodide the 
rats received 10 mg. of propjdthiouracil intraperitoneallj^ to supplement the dietarj- 
antithj'roid agent. Ten pc. of radioiodide were then administered subcutaneous!}' in 
1 cc. of water, which also contained the desired quantity of the “carrier” anion. Potas¬ 
sium iodide as carrier was given in doses up to 10,000 pg. per rat. The other compounds 
were administered in molar equivalents of specific dose levels of potassium iodide. One 
hour following the administration of radioiodide the rats were killed with sodium pento¬ 
barbital administered intraperitoneally. Blood wns withdrawn from the inferior vena cava 
and the serum separated. Thyroid glands were removed, weighed on a Roller-Smith 
balance, and digested in 3 cc. of 5% potassium hydroxide containing 10 pg. of sodium 
iodide. Two-tenths cc. of serum or of thyroid digest were then evenly distributed upon 
silvered copper planchets, and their radioactivity was determined with the Geiger- 
Muller counter. The ratio of radioactivity between thyroid and serum was determined 
for each rat, from the activity data per gram of thyroid and per cc. of serum (without 
correcting for specific gravity). No correction was applied for the variations of average 
weight from group to group. 


RESULTS 

In Table 1 are given the individual thyroid-serum ratios of radio¬ 
iodine and the gradient averages at each dose level for each group. The 
minimal dose levels effecting statistically significant reductions of the 
average collection gradients, expressed in micrograms of potassium iodide, 
or in equivalent doses of other agents, are; KI, 1000; KSCN, 1000; KNO 3 , 
1000 ; KCIO 4 , 30. 

The average gradients have also been expressed as percentages of the 
average control gradient. From these values composite averages, adjusted 
in each computation for the size of the series, have been calculated for 
each compound, and these results are plotted in Figure 1. It can be seen 
that perchlorate xvas distinctly more potent than the other ions. Not only 
was a significant reduction of the gradient produced by a relatively small 
dose of this substance, but in the rats receiving potassium perchlorate in 
doses equivalent to 10,000 pg. of potassium iodide, the radioiodide ac¬ 
cumulation gradient was vii’tually abolished. 

Tlie approxiinatelj’' equal effectiveness of molar equivalent doses of 
iodide arid of thiocyanate is to be noted. This result had been anticipated 
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Table 1. Ratio of thyroid radioactive iodide to serum radioactive iodide in rats 

INJECTED WITH INCREASING DOSES OF POTASSIUM IODIDE AS CARRIER, OR OF EQUIVALENT 
DOSES OF THE OTHER AGENTS, ACCOMPANYING A CONSTANT TRACER DOSE OF 

RADIOACTIVE IODIDE 


Com¬ 

pound 

Group 

Pre¬ 
treat- • 
ment* 



Micrograma of potassium iodide, or 

equivalent dose of other agent 

0 3 

10 

30 100 

300 

1,000 

3,000 10,000 30,000 100,000 300,000 


I 

Reg. 


93 


136 

112 

51 


8 



TU 


66 


59 

78 

66 


8 





63 


50 

42 

55 


11 





50 


139 

102 

91 


6 





45 


79 

68 

46 


9 







115 

71 

40 


11 




Av. 

63 


96 

70 

58 


9+ .5 




±5.6t 


+ 10.7 

+ 6.8 

+ 5.0 







(100%) 


(152%) 

(125%) 

(92%) 


(14%) 


II 

Reg. 


61 


73 

50 

43 

13 

9 



TU 


06 


121 

64 

32 

24 

10 





87 


92 

39 

67 

17 

11 

KI 




42 


38 

78 

26 

25 

8 





36 


90 

75 

•41 

15 . 





Av, 

64±8.0 


83+9.2 

61 

42 

19 

10± .5 








+ 5.0 

±4.7 

+ 1.G 








(130%) 

(95%) 

(66%) 

(30%) 

(16%) 


III 

Reg. 


124 

65 

93 

80 

79 

19 

9 



TUt 


98 

166 

138 

77 

89 

28 

12 





83 

118 

112 

84 

54 

20 

12 





136 

12 

78 

113 

97 

22 

16 








127 

100 

49 




j 

Av. 

110±8.1 

90±22.4 108 

96 

84 

28 

12±1.4 







±7.8 

±6.8 

±5.6 

+ 4.9 




I 



(82%) 

(98Yo) 

(87%) 

(76%) 

(25%) 

(11%) 

Total Av. 


100% 

82% 

130% 129% 

104% 

79% 

28% 

14% 


I 

Reg. 


250 


377 

412 

327 

26 

37 



TUt 


242 


447 

301 

108 

42 

102 





419 


135 


83 

141 

19 







348 


130 






Av. 

330±40.9 


327+45.3 

356 

102± 

70 

66± 17.1 









+ 37.6 

+ 24.1 








(99%) 

(108%) 

(49%) 

(21%) 

(17%) 


II 

Rem. 


206 


79 

168 

42 

29 

14 



TUt 


131 


131 

76 

36 

11 

6 





61 


40 

40 

54 

23 

22 





43 


51 

35 

77 

23 

5 





85 


89 

83 

57 

12 

3 

KSCN 




113 


135 

40 

32 

19 















Av. 

107+16.1 


88+10.9 

74 

50 

20 

I0±2.4 








+ 13.9 

+ 4.0 

+ 1.9 








(82%) 

(69%) 

(47%) 

(19%) 

(9%) 


III 

Rem. 


152 


204 

131 

76 

42 

4 



TUt 


201 


254 

77 

82 

36 

6 





213 


71 

30 

180 

67 

5 





91 


359 

47 

54 

41 

4 





216 


96 

254 

86 

10 

12 









222 

94 





Av. 

175+16.1 


197 + 35.5 

108 

115 

48 

6+1.0 








+ 27.3 

±18.0 

+ 7.9 








(113%) 

(62%) 

(66%) 

(27%) 

(3%) 

Total Av. % 


(100%) 


(97%) 

(72%) 

(55%) 

(23%) 

(6%) 


I 

Rem. 


214 


145 56 

15 

5 

3 

2 



PTU 


148 


102 115 

27 

8 

3 

2 





265 


59 72 

17 

7 

5 

2 





181 


106 41 

30 

7 

5 

1 

KCIO. 




119 


69 31 

19 

8 

4 





Av. 

185+17.2 


96 63 

22 

7 

4 

2±0.2 







+ 10.3 +9.8 

±2.0 

+ 0.4 

±0.3 








(52%) (34%) 

1 (12%) 

(4%) 

(2%) 

(1%) 
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Table 1 —Continued 


Com¬ 

pound 

Group 

Pre- 



Micrograms of potassium iodide, or equivalent dose of other agent 



merit* 

0 

3 

10 

30 

100 

300 

LOOO 3.000 10,000 30,000 100.000 

300,000 


11 

R^m. 

301 

201 

209 

104 

82 


S 





ni! 

124 

176 

209 

18S 

82 


12 






358 

138 

176 

155 

57 


13 



KCIO. 



271 

136 

300 

163 

27 


13 







429 

144 

61 

67 


11 






Av. 264 

215 

203 

135 

63+9.0 

11+0.6 






+ 33.4 ; 

±36.8 

±17.6 

±15.4 










(82%) 

(70%) 

(51%) 

(24%) 


(4%) 



Total Av. % j 

(100%) 

(82%) 

(79%) 

(62%) 

(29%) 

(12%) 

(4%) (2%) (1%) ■ 




I 

Rem.! 

207 



313 


203 

192 180 245 





rru 

16S 



297 


74 

142 136 116 






256 



62 


194 

29 86 42 






238 



89 


72 

28 63 193 



1 



81 



142 


69 

112 56 39 






1 Av. 190±21.0 


181 ±35.4 

122 

101 104 127 











±21.0 

±21.6 +15.9 +27.5 



KNO, 






(95%) 


(64%) 

(52%) (55%) (67%) 



n 

Rem. 

521 




218 


394 291 110 

36 

25 



PTU 

251 




456 


159 157 248 

42 

IS 




209 




222 


161 261 135 

31 

17 




398 




176 


112 132 120 

17 

31 








131 


105 191 47 

39 

7 




1 Av. 345+48.0 
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(54%) (55%) (64%) (38%) 

(10%) 

(6%) 


AOO pm.). 

t _ 

/ S(V*) 

J Averages represent; Mean± probable error of the mean (R). R — .0745 . 

(Stanbury, 1951) from a comparison of the data of Vanderlaan and Vander- 
laan (1947) concerning the effects of carrier iodide upon the concentrating 
mechanism, with those of Raljen and Astwood (1949) concerning the 
effects of thiocyanate. 

It is apparent that considerably larger equivalent doses of potassium 
nitrate are required to reduce the gradient to 10% or less of the control 
level than of the other compounds, despite the fact that in terms of minimal 
effective dose, nitrate is similar to iodide and thiocyanate. It is noteworthy 
(Table 1) that some rats appear to be quite resistant to potassium nitrate 
even in doses of 6-18 mg., the equivalents of 10,000 to 30,000 pg. of potas¬ 
sium iodide. 

DISCUSSION 

These results are quantitatively in general agreement with those con¬ 
cerning the effectiveness of perchlorate, thiocyanate and nitrates as dis¬ 
chargers of thyroidal iodide in the intact rat (Wjmgaarden, Wright, and 
Ways, 1952). In the present study, the order of effectiveness of these agents 
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MICROGRAMS OF POTASSIUM IODIDE OR EQUIVALENT AM’T OF OTHER AGENT 

Fig. 1. The effects of iodide, thiocj'anate, perchlorate, and nitrate ions upon the 
concentration gradient of I'^‘, when these agents were given in increasing doses, accom- 
panjdng a constant dose of I*’’. The ordinate is thju-oid-serum ratio, normalized to 
express the control gradient for each group as 100, and averaged for each agent. The 
abscissa is the dose of potassium iodide or equivalent dose of thioc^yanate, perchlorate, 
or nitrate, plotted logarithmicallJ^ 

in producing a profound depression of the accumulation gradient is: 
perchlorate, thiocyanate, iodide and nitrate. In contrast to perchlorate, 
thiocjranate and nitrate, which reduce simultaneously the concentration 
gradient and the total iodide content of the gland due to an inhibition of 
uptake, iodide exerts its effect upon the gradient by leading to a partial 
saturation of the collecting mechanism (Vanderlaan and Vanderlaan, 
1947). 

Since the efficiency of any anion in discharging iodide in vivo will neces¬ 
sarily depend in part upon its extra-thyroidal disposal rate, studies of the 
effects of these anions upon tissue slices under conditions of controlled 
concentration will be necessary to establish more exactly the relative 
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potencies of antithjToid action. The present evaluations, obtained in the 
intact animal, may be subject to revision when such data are available. 

The mechanism of action of these agents has not been established. 
Simple competition for collection by the thjToid cannot account for the 
action of this anion group, since thjToidal accumulation of thiocyanate 
ion has been excluded bj^ Wood and Kingsland (1950), and that of another 
antithyroid anion, iodate, by Leblond and Sue (1941). The preferential 
inhibition of thyroid function caused by tliese ions is apparently not ac¬ 
companied by preferential concentration. Yet the effect of excess iodide 
in abolishing the antithyroid action of thiocyanate (Astwood, 1943) and of 
overcoming the interference with iodide collection caused by perchlorate 
(Wyngaarden, Wright, and Ways, 1952) suggests that a competitive 
mechanism is involved. 

In preliminarj’’ studies on the effects of graded carrier doses of potassium 
iodide, rats Avere employed which had been made goitrous either by using 
a fox chow or a Remington low iodine diet to which had been added either 
thiourea or thiouracil (cf. Table 1). These regimes resulted in comparable 
degrees of thjToidal enlargement. The mechanism of action of thiouracil 
and propylthiouracil are considered to be identical. The quantities of 
iodide consumed daily by the animals on the Remington or the fox chow 
diet were far l^elow the smallest dose of carrier iodide which resulted in any 
change in the thyroid-serum iodide ratio. It would appear that the effects of 
the anions studied were independent of the regimen employed for goiter 
production. 


CONCLUSIONS 

The effects of increasing quantities of inert iodide, thiocyanate, per- 
chlorate and nitrate upon the ability of the thyroid gland to concentrate 
radioiodide have been studied in the rat. All of these agents caused a 
marked depression of the iodide concentration gradient existing between 
thjToid and serum, when given in sufficient quantities. The most potent 
antithjToid anion ivas perchlorate, the least, nitrate. The effects of molar 
equivalent doses of inert iodide and of thiocj'^anate upon this gradient 
were approximately equal. The mechanism of action of these anions is un- 
knoAvn. It is probable that the apparent qualitath-e similarity of per¬ 
chlorate, tiiiocyanate, and nitrate AA'ith that of excess iodide is only super¬ 
ficial. 
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THE ADRENAL CORTEX AND SULFUR METABOLISM: 
THE INFLUENCE OF AMINO ACID SULFUR ON 
THE FORMATION OF LIVER GLYCOGEN' 

JOSEPH W. GOLDZIEHER,2 WILLIAM B. RAWLS and 
MAX A. GOLDZIEHER 

Research Deparlmeni, Si. Clare’s Hospital, Neio York City, Neio York 

A NUMBER of years ago it was demonstrated that oral or percutaneous 
administration of sulfur to rats or rabbits resulted m adrenal hj'’per- 
plasia and marked deposition of liver glycogen (Burgi and Gordonoff, 
1926; Foldes, 1928). The possible interrelation of these two olrservations 
remained obscure at that time, for the glycogenic activity of 11-oxy corti- 
coids was as yet unsuspected. In retrospect, it seems likely that the ad¬ 
ministered sulfur induced an adrenal hyperplasia and an outpouring of 
adrenal cortical hormones which resulted in excessive liver glycogen deposi¬ 
tion. 

Recent studies indicating an intimate association between adrenal corti¬ 
cal function and sulfur metabolism (Goldzieher and Edlin, 1953; Gold- 
zieher, Rawls and Goldzieher, 1953) have suggested further exploration of 
these findings. In view of the fact that colloidal sulfur, though of a very 
low order of toxicity, is still a foreign substance and its administration may 
constitute a nonspecific stress, it was decided first to investigate the effect 
of sulfur in physiological form. Studies were accordingly carried out with 
Lcysteine, Lcystine, glutathione, and the sulfurless analogue of cysteine, 
serine, in order to determine whether or not the presence of sulfur exercised 
a specific effect on the ability of these substances to cause deposition of 
liver glycogen and furthermore, whether or not such effects were influenced 
by the presence or absence of cortical liormones. 

MATERIALS AND METHODS 

Adult CFW male vats weigliing 200 to 250 gm. were mamtained on a sto'ck diet of 
Purina fox clieckers and water ad lib. The intact animals were fasted for 12, 24 or 48 
hours before administration of the test substance. In other animals, adrenalectomy was 
performed under nembutal anesthesia; they were then maintained on 10% glucose in 
saline for one daj-, on saline and an ad lib. diet for one day, and fasted for 24 hours 
before use. The test substance was administered intraperitoneally or by stomach tube as 
indicated; controls received isotonic saline intraperitoneally or tap water by stomach 
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THE ADRENAL CORTEX AND SULFUR METABOLISM- 
THE EFFECT OF ACTH ON THE SULFHYDRYL 
CONCENTRATION OF RAT ADRENAL, 

LIVER AND MUSCLE' 

JOSEPH W. GOLDZIEHER,^ WILLIAM B. RAWLS, and 
MAX A. GOLDZIEHER with the technical 
assistance of PHYLLIS R. EPSTEIN 

Research Department, St. Clare’s Hospital, New York City, New York 

AS EARLY as 1909 it was noted that the adrenal cortex was unexpect- 
jiX. edly active in sulfur metabolism: both its sulfur content and its 
ability to store such compounds were greater than those of other tissues 
studied (Aufrecht and Diesing, 1909; Loeper et al., 1926). In 1928 it was 
shown that treatment of rats and rabbits with colloidal sulfur resulted in 
adrenal cortical hypertrophy and sulfur storage, together with massive 
accumulation of liver glycogen (Lurie, 1928; Foldes, 1928). At that time, 
however, the changes in these two organs could not be interpreted, for the 
relation between liver glycogen deposition and 11-oxycorticosteroids was 
as yet unsuspected. 

In recent years, further evidence has accumulated to show a relation be¬ 
tween sulfur metabolism and adrenal cortical function. Studies with 
for example, have confirmed the great avidity of the cortex for cystine 
sulfur (Lee et al., 1951). Recent studies in our laboratory (Goldzieher et ah, 
in press) have demonstrated a rapid accumulation of SH in the adrenal 
cortex following the administration of cysteine. Conversely, ACTH and 
cortisone have been shown to influence blood levels of sulfhydryl (Hess et 
ah, 1951; Goldzieher et ah, in press) in animals and man. The incorporation 
of into regenerating connective tissue is inhibited by cortisone in direct 
proportion to its concentration in the tissue (Layton, 1951). The urinary 
excretion of SH and SS sulfur is increased by the administration of ACTH 
(Kinsell et ah, 1950). 

The relation of the adrenal cortex to sulfur metabolism has been under 
investigation by us for some time; the present report deals only with the 
effect of ACTH on the sulfhydryl content of the adrenals, and in compari¬ 
son, with that of other tissues such as liver and muscle. 
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MATERIALS ANO METHODS 

Adult male CFW rats, weighing 200 to 250 Gm. were used throughout. They were 
maintained on a diet of Purina Fox Checkers and water ad lib. Food was withheld during 
the night prior to treatment. 

ACTH^ was prepared just before use in the single-dose experiments and daily for 
chronic studies. The quantities designated are in terms of International Standard. 
Injections of ACTH were given intramuscularly, and the animals were killed by a blow 
on the head three hours after the last injection. Both adrenals were dissected rapidly, 
freed of adherent tissue, enclosed in parafilm, and weighed to the nearest 0.1 mg. Ap¬ 
proximately 100 mg. portions of liver and diaphragm were prepared in the same way. 
The tissues were ground to an emulsion in an all-glass Ten Broeck tissue grinder in 2.5 
or 5.0 ml. 2.5% sulfosalicylic acid containing 0.5% disodium ethylene diamine tetra¬ 
acetate. The emulsions were centrifuged for 20 minutes and the supernatant used for 
titration. The sulhydryl determinations were carried out by the amperometric method 
described by Benesch and Benesch (1950) and by Weissman, Schoenbach and Arm- 
istead (1950), as modified by us (Goldzieher and Epstein, in press) to increase the 
specificity and reproducibility of the method. 

The dosage and duration of ACTH treatment is given in the following tables. The 
standard deviation and statistical significance of the data were evaluated by means of 
the t-test, using the formulas corrected for small groups. 

RESULTS 

Adrenal nonproiein sulfhydryl. The changes in adrenal sulfh 3 ’'dryl with 
varying dosage schedules of ACTH are shown in Table 1. The control 
value of 14.9 + 1.6 ing.% is the result of determinations on 42 animals taken 
in small groups over a considerable period of time. The variation in normal 
adrenal sulfhydryl concentration, 10,8%, is relatively small. 

The smallest dose of ACTH used, 0.1 mg., produced an increase in ad¬ 
renal sulfhydryl concentration of 45%; this was of a high order of statistical 
significance (p. = «0.01) and differed considerabty from the response of 
the liver (Table 2) to the same dose. A similar reaction could not be ob¬ 
tained on repeating an 0.1 or 0.3 mg. dose at 8-hour intervals over 1 day. 


Table 1. Changes in rat adrenal sulehydryl 


Treatment | 

! 

Number ■ 
of 1 

animals j 

SH concentration 
in mg./lOO Gm. 
tissue (average 
±st. dev.) 

1 Significance 

[ (t-valuc) ! 

1 P 

Control 

42 

14.9 + 1.6 



ACTH, 0.1 mg.; killed after 3 hrs. 

0 

21.6+4.) 

1 4.S 1 

1 <0.01 

ACTH, 0.1 mg. q. S hrs. X3 

6 

15.5+2.9 1 

0.7 


ACTH, 0.3 mg. q. 8 hrs. X3 

5 

15.2+2.9 

1.0 ' 


ACTH, 4.0 mg. 

4 

12.4+3.4 

3.4 

<0.01 

.\CTH, 4.0 mg. q. 12 hrs. X7 

4 

13.1+2.1 

2.9 

1 <0.01 

ACTH, 0.3 mg. q. 12 hrs. X25 

3 

Il.T+O.l 

4.1 

1 <0.01 

ACTH as above, then no Rx for o days 

3 

11.3±2.3 

4.2 

<0.01 


* Lot 212-103, supplied through the courtesy of Armour & Co. 
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Table 2. Changes in rat liver sulfhydryl 


Treatment 

Number 

of 

animals 

SH concentration 
in mg./lOO Cm. 
tissue (average 
±st. dev.) 

Significance 

(t-value) 

P 

Control 

4 

31.3 +3.5 



ACTH, 0.1 mg., killed after 3 lirs. 

3 

■ 29.4+2.5 

0.7 


ACTH, 0.3 mg. q. 8 hrs. X3 

2 

24.1+0.7 

2.4 

0.05 

ACTH, 0.3 mg. q. 12 hrs. X2S 

3 

23.3+2.6 

3.0 

0.03 

ACTH as above, then no Rx for 5 days 

3 

24.0+2.9 

2.6 

0.05 


for such treatment did not produce changes in adrenal sulfhydryl concen¬ 
tration. Large and relatively unphysiologic doses (4 mg.) or multiple 
doses produced a consistent and statistically significant depression of ad¬ 
renal sulfhydryl concentration of the order of 12 to 24%. It is thus possible 
that the lack of change in adrenal sulfhydryl concentration during treat¬ 
ment with 0.3 to 0.9 mg. ACTH per day represents a balance point or can¬ 
cellation between the SH-augmenting effect of a small dose and the SH- 
depressant effect of larger or multiple doses. The adrenal sulfhydryl deple¬ 
tion caused by 12 days of ACTH therapy was not restored after a 5-day re¬ 
covery period, although the adrenal weights were once more within normal 
limits. 

Liver nonprotein sulfhydryl. With liver tissue, the response to ACTH 
was not biphasic (Table 2). The small doses which produced a rise or no 
change in adrenal sulfhydryl concentration, caused no change and a fall, 
respectively, in the sulfhydryl concentration of liver tissue. Prolonged 
ACTH therapy caused a significant fall in the liver nonprotein sulfhydryl, 
just as in the adrenal, and again there was no significant recovery by the 
fifth day after the end of a 12-day course of ACTH treatment. These ob¬ 
servations do not coincide with the findings of Ingbar, Otto and Kass 
(1951), who administered 9 mg. ACTH per day to rats for 3 and 10-day 
intervals, and found no change in liver nonprotein sulfhydryl after 3 days, 
and an actual increase after 10 days. 

Muscle {diaphragm) nonprotein sulfhydryl. A few experiments were per¬ 
formed on rat muscle tissue (Table 3). Three or more injections of ACTH 
produced a significant depletion of nonprotein sulfhydryl; as with adrenal 
and liver tissue, there was no complete return to pretreatment levels 
within 5 days after the end of chronic ACTH treatment. The muscle, how¬ 
ever, showed more of a tendency to return to normal levels than did the 
other tissues. 

DISCUSSION 

Several points are brought out by these observations. The effect on the 
adrenal of small doses of ACTH is entirely different from that of large 
doses or chronic treatment; it also differs from the response of the liver. It 
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Tabi.e 3. Changes in rat mhscee (diaphragm) suefhtdryl 


Treatment 

Number 

.of , 1 

animals 

SH concentration 
in mg./lOO Gm. 
tissue (average 
+ st. dev.) 

Significance 

(t-value) ^ 

P 

Control 

8 

9.4+2.1 



ACTH, 0.3 mg. q. 8 hrs. X3 

3 j 

6.6+0.9 

2.2 

0.05 

ACTH, 0.3 mg. q. 12 hrs. X25 

3 

4.0+1.1 

4.1 

I <0.01 

ACTH as above, then no Rx for 5 days 

3 

5.9+0.6 

2.8 

1 0.02 


is interesting to note that this rise in adrenal nonprotein snlthydryl coin¬ 
cides closely with the time at which a drop in blood sulfhydryl is observed 
in patients receiving continuous infusions of ACTH (Goldzieher et al., in 
press). 

With larger doses, the adi'enal seems to behave in a nonspecific manner, 
for all the tissues studied undergo a depletion of nonprotein sulfhj’^dryl. The 
fact that this depletion persists for some time after the end of ACTH 
therapy, and is found in tissues of highly diverse structure and function, 
indicates that it cannot be considered as a specific effect of ACTH in the 
same sense as the changes in adrenal ascorbic acid or adrenal cholesterol. 
Studies are now in progress to determine more precisely the nature of the 
sulfhydryl-bearing compound which is readily depleted but only slowly re¬ 
stored. 

Anderson et al. (1951) have commented on the possibility that ACTH 
and cortisone exert their clinical effects by interfering with the sulfhydryl 
groups of enzyme systems. It must be noted that the sulfhydryl-bearing 
substances which we have studied are non-protein in nature, and are there¬ 
fore not enzymes; however, they may represent the reservoir of freely- 
available sulfhydrjd from which the SH-groups of the enzymes are replen¬ 
ished after engaging in the processes of oxidation-reduction associated with 
metabolic phenomena. 

SUMMARY 

Single small doses of ACTH produce what appears to be a specific reac¬ 
tion : a rise in the adrenal nonprotein sulfhydryl in 3 hours. Larger doses or 
prolonged treatment with ACTH produce a drop in nonprotein sulfhydiyl 
which is not specific, for comparable changes also occur in liver and muscle 
tissue. TJie depletion is not restored in anj’' of these tissues within 5 daj’’s fol¬ 
lowing the end of prolonged ACTH administration. 
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COMPARISON OF OVARIAN AND PITUITARY HORjMONES 
FOR MAINTENANCE OF PREGNANCY IN 
PYRIDOXINE-DEFICIENT RATS' 


MARJORIE M. NELSON, WILLIAM R. LYONS 
AND HERBERT M. EVANS 

e 

Institute of Experimental Biology atid The Department of Anatomy, University 
of California, Berkeley, California 

P REVIOUS studies have shown that the addition of a potent B6- 
antagonist, desoxypyridoxine, to a purified B6-deficient diet will result 
in the rapid production of a B6-deficiency in adult rats (Nelson and 
Evans, 1948, 1951). Acrodynia of the paws, a characteristic sign of the de¬ 
ficiency, and marked reproductive disturbances, namely a high incidence 
of resorptions, occurred after 2-3 weeks of the deficient diet. Pregnancy 
was maintained in such B6-deficient rats by administration of both estrone 
and progesterone but not by either hormone separately (Nelson, Lyons, 
and Evans, 1951), indicating some similarity between these B6-deficient 
rats and hypophysectomized-oophorectomized rats in which pregnancy can 
be maintained by the combination of the same hormones at the same dos¬ 
age levels (Lyons, 1943). To determine whether pituitary or ovarian dys¬ 
function is involved in the hormonal inadequacies of the B6-deficient rat, 
the three pituitary gonadotrophins which maintain pregnancy in the hy- 
pophysectomized rat have been tested in the vitamin-deficient rats. These 
three pituitary gonadotrophins are FSH, ICSH or LH, and MH (mammo- 
trophin or lactogenic hormone, Lyons, Simpson and Evans, 1943). 

EXPERIMENTAL METHODS 

Stock rats of the Long-Evans strain were placed on the B6-deficient diet containing 
the antagonist at SO-85 days of age. This diet was the same as that used in all previous 
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studies. It consisted of 24% alcohol-extracted casein, 64% sucrose, 8% hydrogenated 
cottonseed oil (Crisco or Primex), 4% salts,* and 0.5 nig.% desoxypyridoxine. Crystalline 
vitamins per kilogram of diet were; 300 ng. d-biotin, 5 mg. 2-methyl-l, 4-naphthoqui¬ 
none, 5 mg. thiamine HCl, 5.5 mg. pteroylglutamic acid, 10 mg. riboflavin, 10 mg. 
p-aminobenzoic acid, 20 mg. nicotinic acid, 50 mg. d-calcium pantothenate, 400 mg. 
inositol, and 1.0 gm. choline chloride. Each rat received vmekly a fat-soluble vitamin 
mixture containing 800 U.S.P. units vitamin A,-115 chick units vitamin D, 6 mg. syn¬ 
thetic alpha-tocopherol, and 650 mg. corn oil (Mazola). 

After 17 days of deficiency, the rats were bred with normal males and divided into 
equivalent groups as judged by body weight on the day of breeding. This experimental 
procedure has been shown to result consistently in 90-100% resorptions® in the deficient 
rats which usually average 21 days of deficiency prior to breeding (Nelson and Evans, 
1951). One experiment was carried out in which animals with a longer period of de¬ 
ficiency, 28 days, was used; these rats were brought into estrus by means of one injection 
of 10 units pregnant mare serum (PMS). Vaginal smears were examined daily during 
gestation for the presence of eiythrocytes, the sign that implantation had occurred. All 
rats were weighed at regular intervals. To minimize the question of placental hormone 
production, known to be so important in the latter part of pregnancy, all animals were 
autopsied 13 days after breeding; implantation sites, fetuses, and ovaries were carefullj'^ 
examined. 

Injections were started 3 days after finding sperm in the vaginal smear. The steroid 
hormones used, estrone and progesterone, were injected subcutaneously in 0.2-0.3 cc. 
sesame oil. The anterior pituitary hormones used were dissolved in distilled water or 
physiological saline and neutralized. An FSH-ICSH combination capable of causing 
estrin production in the hypophysectomized rat and previously used successfully for 
maintenance of pregnancy in such animals (Lyons et ah, 1943; Lyons, 1943) was used 
together with both impure and purified MH preparations, which varied in activity 
from 10-30 i.u./mg. 

Since it was possible to breed only 50% or less of the deficient animals in any large 
group of 30-60 rats, 5 separate experiments were carried out, 4 experiments with the 
standard period of 21 days of deficiencj"' prior to breeding and one experiment with the 
longer period of deficiency, 28 days. 

BESTJLTS AND DISCUSSION 

Table 1 summarizes the results of testing the pituitary gonadotrophins 
in the B6-deficient rat. With 21 days of deficiency prior to breeding, the un¬ 
injected group showed 94% lusorptions with early appearance of erythro¬ 
cytes in the vaginal smear (day 10) due to early resorbing sites. The group 
receiving estrone and progesterone showed approximately 80% mainte¬ 
nance of pregnancy with normal time of appearance of vaginal erythrocytes 
on day 12. In contrast, the group injected with the pituitary gonadotro¬ 
phins, FSH-ICSH and MH, exhibited partial maintenance of pregnancy, 

® Salts No. 4 of Hegsted et ah (1941). 

® The normality of reproductive performance in pair-fed controls supplemented with 
high levels of pyridoxine has previously demonstrated that food restriction is not a 
factor in the reproductive upsets occurring in this vitamin deficiencj" (Nelson and Evans, 
1951). 
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only \ of the group having living j’^oung, with earlj’’ appearance of vaginal 
erythrocytes on day 10. 

To determine whether one particular hormone or all three gonadotro¬ 
phins were involved, the combination of a single ovarian hormone together 
with the appropriate gonadotrophin(s) was next tried. Lyons (1951) has 
shown that wdren the FSH-ICSH preparation to stimulate estrogen produc¬ 
tion was injected together with progesterone, pregnanc}'^ was maintained 
in rats hypophysectomized after breeding; the combination of estrone with 
MH also maintained pregnancy in such animals (Lsmns et al., 1943). 

In the B6-deficient rat the use of estrone together with MH gave es- 


Table 1. Effect of pituitary gonadotrophins on reproduction of 

PYRIDOXINE-DEFICIENT RATS 




Wt. 



Implants 

Implants 

Implantation sites 




Vaginal 

RBC* 

Implanta¬ 

tions 

with 

resorp- 

with 

living 



Exptl, groups 

Rats bred 

during 

Av. No. 

Normal 



gestation 



tions 

embryos 

No.* 


No. 

gms. 

day 

% 

% 

% 





21 Days of Deficiency Prior to Breeding 



Uninjccted 

120-160 pg. FSH-ICSH 

17 

-9 

10.1 

94 

94 

0 

9.1 


+70-123 t.t;. MH 

15 

+8 

10.2 

100 

73 

• 27 

10.0 

. 5.2 

0.5 /ig. Estrone +90-125 
t.u. MH 

120 pg. FSH-ICSH +4 

9 

+3 

10.2 

100 

78 

22 

10.1 

3.5 

mg. Progesterone 

0.5 MS* Estrone+4 mg. 

10 

-4 

11.0 

100 

90 

10 

10.7 


Progesterone 

29 


12.1 

97 

21 

79 

9.0 

5.2 


28 Days ot 

Deficiency Prior to Breeding* 




Uninjected 

200 MS. FSH-ICSH+75 

9 

-3 

9.0 

22 

100 

0 

8.0 


i.u. MH 

0.5 MS. Estrone+4 mg. 

9 

-6 

11.4 

78 

71 

29 

7.1 

4.0 

Progesterone 

9 

+1 

13.0 

89 

0 

100 

3.8 

3.5 


' Injections were started 3 days after breeding. AU animals were autopsied 13 daj's after breeding. 

* This column shows the average time in days for the first appearance of erythrocytes (RBC) in the vaginal smear. 

* This column gives the number of living embryos per litter, i.e. the number of normal implantation sites in rats 
with maintenance of pregnancy. Values are given only for groups in which at least 2 rats maintained pregnancy. 

< These rats were brought into estrus by means of one injection of pregnant mare serum (10 units). 


sentially the results obtained by the use of the three pituitary gonadotro¬ 
phins, namely partial maintenance of pregnancy, showing that MH stimu¬ 
lated ovarian production of progestin in only a few animals. The use of 
FSH-ICSH together with progesterone was not as beneficial, only 10% 
of the animals showing maintenance of pregnancy, an incidence not sig¬ 
nificantly different from that shown by animals uninjected or injected with 
progesterone alone (Nelson, Lyons and Evans, 1951). This ma 5 '^ be inter¬ 
preted as a failure of combined FSH-ICSH to stimulate the ovarian produc¬ 
tion of estrin in these B6-deficient rats and suggests ovarian d 3 ’’sfunction 
since the same dosage level of this hormone preparation will cause estrin 
production in normal immature rats and even lower doses will do so in hj^- 
pophj’^sectomized rats. 

An additional experiment was carried out to check on the beneficial ef¬ 
fects of the pituitarj'- gonadotrophins. A longer period of deficiencj’- was 
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used so that the deficient animals were brought into estrus by a single in¬ 
jection of 10 units of PMS. All animals responded with an estrous vaginal 
smear and 55% of the group were successfully bred. Rats receiving no 
hormone injections during gestation showed a marked failure of implanta¬ 
tion due to the longer period of deficiency prior to breeding; only 22% of 
the group implanted, in contrast to the usual 90-100% implantations, and 
all implantations resorbed. Rats injected with estrone and progesterone ex¬ 
hibited the usual favorable response, i.e., 100% implantations with 100% 
maintenance of pregnancy. Rats injected with the three pituitary gonado¬ 
trophins showed 78% implantations and partial maintenance of pregnancy; 
29% of the group had living young. The marked improvement in implanta¬ 
tion in contrast to the findings in the uninjected group shows the beneficial 
effects of injected gonadotrophins and indicates some pituitary dysfunc¬ 
tion. Nevertheless, the failure to maintain pregnancy in a larger proportion 
of the animals would seem to clearly shoAv ovarian dysfunction. 

AVhether the lack of ovarian response to injected gonadotrophins may be 
corrected by higher dosage levels, by a different hormone balance, or by 
supplementation with other pituitary hormones is not known. In adult 
rats hypophysectomized after breeding, daily injections of 60 i.u. MH and 
60-200 gg. FSH-ICSH were successful in maintaining pregnancy (Lyons 
et al., 1943; Lyons, 1951). In this study daily dosage levels of 120-200 fig. 
FSH-ICSH and 70-125 i.u. MH were used without the same degree of suc¬ 
cess. Although the hypophysectomized rat is considered to be more sensi¬ 
tive than an intact animal to pituitary hormones, it would usually be as¬ 
sumed that a vitamin-deficient animal with an intact pituitary would have 
some circulating gonadotrophin present. Such an animal would presumably 
require a decreased amount rather than an increased amount of gonadotro¬ 
phin. Further studies on dosage levels are definitely indicated and are in 
progress. 

The inadequate ovarian response to pituitary gonadotrophins brings up 
the question of possible placental dysfunction in these deficient animals. It 
was previously pointed out that although pregnancy could be maintained 
by estrone and progesterone in these deficient animals the number of living 
young per litter was less than half the normal value (Nelson, Lyons and 
Evans, 1951). The same results were obtained in this study, regardless of 
whether the injected hormones were ovarian or hypophysial in origin. 

SUMMARY 

Under the experimental conditions anterior pituitary gonadotrophins 
maintained pregnancy in approximately 25% of pyridoxine-deficient ani¬ 
mals whereas ovarian hormones maintained pregnancy in 80-100% of such 
animals. This indicates that dysfunction of both the pituitary and the 
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ovary is m\^olved in the hormonal inadequacies of these vitamin-deficient 
animals. 
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THE PROGESTERONE CONTENT OF HUMAN 
PLACENTAL BLOODS 


W. H. PEARLMAN and MILLICENT THOMAS 

Department of Biochetnistrij, Jefferson Medical College, Philadelphia, Pennsylvania 

AN INVESTIGATION of the ketonic lipides of placental blood was 
jt\_ undertaken in conjunction Avith our recent Avork (Pearlman and 
Cerceo, 1952a, 1952b) on the isolation of progesterone^ and related C21 
steroids from human placental tissue. In this study, hoAveA'-er, progesterone 
could not be isolated because it was present in minute amount only. An 
estimate Avas made of the progesterone level of pooled placental blood by 
ultraviolet spectroscopy of the ketonic fraction following chromatograph}’’ 
and countercurrent distribution. 

EXPERIMENTAL 

Collection, extraction, and preliminary fractionation of blood. —Full term 
placentas Avere obtained as soon as possible after parturition. Each speci¬ 
men Avas perfused Avith 200 cc. of 0.9% NaCl through the umbilical vein 
following removal of clots of adhering maternal blood. The blood perfusate 
Avas immediately extracted and then partitioned in the manner outlined 
in Diagram 1 to yield the ketonic fraction. 

Estimation of the progesterone content of the ketonic fraction. —The method 
used was that described by Pearlman and Cerceo (1952b) for estimation 
of the progesterone content of placental tissue^ and requires measurement 
of the optical density at 240 mp. (maximal absorption due to a, /3 unsatu¬ 
rated ketones) following an 8 transfer distribution of the ketonic material 
betAveen petroleum ether and 70% methanol; in the present study hoAvever, 
the volumes of the immiscible solvents Avere reduced to one-fifth. 

The progesterone level of the blood perfusates of four placentas Avere in¬ 
dividually estimated and found to fall Avithin the range of 0.75 to 0.86 pg. 
of hormone per cc.; the pooled perfusates obtained from six other placentas 
Avere estimated to contain 0.69 pg. of progesterone per cc. These values are 

Received for publication December 22, 1952. 

^ This investigation was supported in part b}' a researcli grant (RG-2567 C) from the 
National Institutes of Health, Public Health Service. 

^ Salhanick ct at. (1952) have also announced the isolation of progesterone from 
human placenta; Diczfalusy (1952) simultaneously reported indirect evidence for the 
presence of this hormone. 

^ The procedure recently described by Diczfalusy (1952) is veiy similar but more re¬ 
fined, requiring a 24 transfer distribution between petroleum ether and 34.5% ethanol. 
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Diagram 1. Extraction and Fractionation of Placental Blood 


Blood perfusate 

I for every 100 oc. of perfusate, 300 cc. of acetone added; 
room temperature overnight; filter with suction 


Precipilale 

I remove; stir well in 50 cc. acetone; 
filter with suction; repeat extraction twice more 


Combined acetone filtrates 

j concentrate in partial vacuum to approx. 100 cc. 
Aqueous concentrate 

extract once 100 cc., twice 50 cc. ether; 
combine ether extracts; wash 3 times 20 cc. water; 
backwash water with 60 cc. ether; 
combine ether extracts; evaporate. 

Ether residue 

Partition between 50 cc. petroleum ether and 50 cc. 70% methanol; 
each phase in turn extracted with 25 cc. of fresh solvent; 
the latter extracts shaken together; 


Combined 70% methanol extracts Combined petroleum ether extracts 

I evaporate in vacuo; discard 

treat with 100 mg. of Reagent T (Girard and Sandulesco, 1936) 


Ketonic fraction Non-ketonic fraction 

(see text for further treatment) discard 

undoubtedly overestimated because the ketonic material in the peak tube 
(separatory funnel no. 4) in the countercurrent distribution did not give a 
well'defined absorption curve characteristic of a, 13 unsaturated ketones; 
further purification of this fraction was needed.'' Accordingly, the ketonic 
residues from separator}’- funnel no. 4, obtained in the countercurrent dis¬ 
tribution of the above perfusates (total 1715 cc., ten placentas), were com¬ 
bined to yield 4.4 mg. of solids containing at the very most 384 pg. of pro¬ 
gesterone. This material was dissolved in 0.2 cc. of dry ether, adsorbed on 
a narrow column containing 200 mg. of alumina® (Harshaw) previously 
wetted with the same solvent, and eluted with 20 cc. of drj’ ether. The elu- 
ate gave an ultraviolet absorption curve typical of an a, (3 unsaturated 
ketone, and was estimated to contain 186 pg. of progesterone;® counter- 

■* Reynolds and Ginsburg (1942) have similarly encountered pigments with non¬ 
specific ultraviolet absorption which interfered with their attempts to estimate normal 
serum progesterone levels in another connection. In our experiments, such pigments 
were found to accumulate chiefly in the end separatory funnels in the countercurrent 
distribution procedure. 

® Tlie preparation i.s de.scribed in footnote 4 (Pcarlman and Cerceo, 1952a). 

' Chromatography of the same quantity of crystalline progesterone under identical 
conditions resulted in the recovery of 75% of the hormone according to measurements of 
the optical density at 240 mg. 


Precipilale 

discard 



592 


PEARLMAN AND THOMAS 


Volume 52 


current distribution (Fig. 1) indicated a content of 182 jug. of progesterone 
(or of an a, |3 unsaturated ketone with a partition coefficient identical with 
that of progesterone). Recalculation, on the basis of the latter determina¬ 
tion, of the progesterone level of the pooled blood perfusates (total 1715 
cc.) gave a value of 0.39 jug. of the hormone per cc. 

The ketonic residues from separatory funnel no. 8 in the original counter- 
current distribution were similarly combined, representing the pooled per¬ 
fusates from ten placentas. This material, from its position in the counter- 



NO. OF SEPARATORY FUNNEL 

Fig. 1. Countercurrent distribution of chromatographed residue obtained from sep¬ 
aratory funnel no. 4 (see text for further details). Solvent S 3 'stem, petroleum ether-70% 
methanol (volume ratio 3:1). Optical densit}^ (O.D.) measured at 240 m//; solvent, abso¬ 
lute ethanol. Experimentalb^ found curve, solid line; calculated curve for progesterone, 
dotted line. 

current distribution scheme, might be expected to contain a, ^ unsaturated 
ketones more polar than progesterone. However, the presence of interfer¬ 
ing pigments could not be entirely eliminated by chromatography and fur¬ 
ther work on this fraction was abandoned. 

DISCUSSION 

The analytical procedures described herein were not designed for the 
routine examination of small specimens of blood, although these methods 
might be adapted for this purpose. Our aim, rather, was to obtain a suf¬ 
ficiently large quantity of placental blood (and hence resort to perfusion of 
the placenta) in order to carry out an exploratory examination of the 
ketonic material by physico-chemical means. 

The data indicate that the progesterone concentration of pooled pla¬ 
cental blood is of the order of 0.4 ng. of hormone per cc., a conservative esti¬ 
mate inasmuch as the blood obtained by perfusion underwent some dilu- 
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tion and also, part of the progesterone (roughlj'^ 25%) was lost b}"- chroma¬ 
tography. It is clear that the placental blood could have contributed in 
small part only to the total progesterone content of our placental extracts 
(Pearlman and Cerceo, 1952b), a matter which was of some concern since, 
in that study, the blood had not been removed bj^ perfusion of this highl}^ 
vascular organ. 

Although the absolute concentration of progesterone in placental blood 
is quite low, it is high by comparison with that in maternal blood, which is 
le.ss than 0.1 yg. of progesterone per cc. (Butt el al., 1951). The latter 
value, obtained by polarographic methods, is at variance with the higher 
values reported by Hooker and Forbes (1949) who emploj'-ed bio-assay 
techniques. 

A comparison of our data on placental blood with those of Butt et al. 
(1951) are of interest. The latter investigators found 1.3 and 0.3 ng. of 
progesterone per cc. in two specimens, respective!}’', of human placental 
blood obtained from the umbilical cord but in three other specimens, no 
progesterone (i.e., less than 0.1 Aig.) could be detected; however, there was 
polarographic evidence for the presence of a A’^-S ketosteroid but not of a 
20-ketosteroid (the progesterone molecule contains both groups). The 
latter observation stimulated our interest but our study provides no in¬ 
formation on this point. 

SUMMARY 

The progesterone level of pooled placental blood is conservatively esti¬ 
mated to be 0.4 fig. of hormone per cc. This calculation is based on measure¬ 
ments of the optical densit}^ at 240 m^u. of the ketonic fraction following 
chromatography and countercurrent distribution. 

A cknowhdgmen t 
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DETECTABLE AMOUNTS OF ACTH IN BLOOD FOLLOWING 
SALICYLATE ADMINISTRATION 

CHARLES H. EADES, Jr. and J. STANTON KING, Jr. 

Department of Biochemistry, The University of Tennessee, Memphis, Tennessee 

ALTHOUGH a tabulation (Hailman, 1952) of various physiological 
Tv responses induced by cortisone, ACTH, and salicylate (SAL) suggests 
an ACTH mechanism of SAL effect, an increase in circulating ACTH fol¬ 
lowing SAL has not been demonstrated. Because of our general interest in 
the effect of salicylate upon adrenal function and the probability that some, 
at least, of these effects may be mediated through the pituitary gland we 
have undertaken to determine, by the transfusion technique of Farrell and 
McCann (1952), whether SAL administration stimulates release of ACTH 
into the circulation. 

Female Sprague-Dawley rats *(180-210 gm.) were injected intraperi- 
toneally with 0.6 ml. of sodium salicylate solution containing the equiva¬ 
lent of 30 mg. of salicylic acid/lOOgm. body weight. After varying intervals 
the rats were etherized and the external jugular vein quickly exposed. Three 
ml. of blood were withdrawn into a heparinized syringe and immediately 
transfused into the corresponding vein of an etherized, hypophysectomized 
Sprague-Dawley rat of approximately the same weight. This transfusion 
required about 1 or 2 minutes. The hypophysis had been removed from 
the recipient rat usually 2 days but not more than 3 days earlier. The left 
adrenal of the recipient rat was removed just before, and the right ad¬ 
renal one hour after, the transfusion. Each adrenal was assayed for ascorbic 
acid without delay, using the method of Roe and Kuether (1942). As in 
the method of Sayers, et al. (1948), the difference in ascorbic acid concen¬ 
tration between the left and right adrenals of the recipient was taken as an 
index of ACTH level in the blood of the donor rat. The lowering of adrenal 
ascorbic acid is an effect thought to be specifically produced by ACTH 
under such conditions. To check both the effect of SAL itself and the 
operative procedures on the hypophysectomized rats, 0.2 ml. of 5.8% 
Na SAL was added to 2.8 ml. of blood obtained from donor rats injected 
8-10 minutes earlier with isotonic saline solution instead of Na SAL; 
and this blood mixture was assayed similarly for ACTH activity by in¬ 
jection into control hypophysectomized rats. 

SAL levels and adrenal ascorbic acid depletion in the donor rats were 


Received for publication December 29, 1952. 
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Table 1. Adre.val ascorbic acid (AAA) depletion in htpophtsectomized rats 
ONE HOUR after TRANSFUSION OF 3 ML. OF BLOOD FROM SAL-INJECTED RATS 


Time after SAL 
injection of 
donor rats 

1 

No. of recipient I 
rats 1 

Decrease in AA.4 in hj'pophysectomized 
recipient rats 

minutes 


mg./lOO gm. of 
adrenal tissue 

% 

control 

7 

7 ±20* 

2 

5 

2 

-3 

0 

15 

8 

50±10* 

12 

30 

3 

38 

10 

60 

4 

31 +17* 

8 

86 

2 

12 

3 


* + values are standard errors, calculated where sufRcient numbers of animals were used 
for significant statistical treatment. 


determined in order to correlate them with tlie adrenal ascorbic acid reduc¬ 
tion in the recipient rats. These were compared also with control donors 
receiving isotonic saline instead of SAL injections. The method of Smith 
and Talbot (1950), involving the use of the Folin-Ciocalteu reagent for 
phenols, was used in the estimation of the plasma SAL levels. 

RESULTS AND DISCUSSION 

The dosage of SAL used was about | of the lethal dose (Waddell, 1911). 
After injection the rats showed no obvious discomfort and exhibited no 
unusual behavior. The rats were gentle and exhibited very little excitement 
when injected, thus minimizing any ACTH rise resulting from the mere 
handling of the animals. 

The results presented in Tables 1 and 2 indicate that very soon after 
the SAL is injected, there is an increase in circulating ACTH as reflected 
by a decrease in both donor and recipient adrenal ascorbic acid. Since 
injected ACTH is rapidl}'- destroyed, the results in terms of percentage de¬ 
crease in adrenal ascorbic acid are less striking in the recipients than in the 
donors. Despite the continued high blood level of SAL in the donor the 


Table 2. Adrenal ascorbic acid (A.-VA) and plasma S.4L levels in donor 
RATS INJECTED WITH 30 MO. SAL/100 GM. BODY AVEIGHT 


Time after 
injection of 
donor rats 

Typo of 
injection 

No. of 
donor rats 

AAA 

AAA 

decrease 

Donor plasma 
SAL levels 
minus blank 

minutes 



mg./100 gm. of 

% 

mg./100 ml. 



1 

adrenal tissue 



15 

SAL 

10 

375 

19 

57.0 

15 

Saline 

6 

463 


0 

60 

S.AL 

5 

232 

50 

55.0 

60 

Saline 

5 

403 

i 

0 

120 

SAL 

5 

158 

54 

40.0 

120 

Saline 

5 

347 


0 
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ACTH activity appears to decline from an initial maximum, presumably 
as the preformed donor ACTH stores are consumed. 

SUMMARY 

The ACTH titer in blood of SAL-injected rats has been shown to rise 
very soon after the injection, as assayed by transfusion into hypophysec- 
tomized rats of blood from SAL-injected rats. 
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GLUCURONIDASE HYDROLYSIS FOR 
PREGNANEDIOL ASSAYS^-^^ 

M. M. GOLDFINE'* and SAUL L. COHEN 

From the Deparlmenl of Physiological Chemistry and the Max H. Hoffman 
Endocrinological Research Laboratory, University of Minnesota School. 
Minneapolis, Minnesota 

T he great interest shown in pregnanediol assays is based upon a proof 
of relationship between pregnanediol and the corpus luteum hormone 
—progesterone (Marrian 1949). The methods for assaying pregnanediol 
in urine are; Firstly the method of Venning (1937, 1938) in which the 
sodium pregnanediol glucuronidate (NaPG) of the urine is assayed gravi- 
metrically; and secondly the lij'^drolysis of the pregnanediol conjugate and 
the assay of the pregnanediol (Astwood and Jones, 1941; Talbot et al., 
1941). In 1948 Sommerville, Gough, and Marrian modified the test in 
order to obtain a sensitivity of 2.5 mg./day. This paper introduces the 
hydrolysis of urines by calf spleen glucuronidase. This method has been 
found to give excellent results for assaying less than 0.50 mg. pregnanediol 
/24 hrs. 

MATERIALS 

All chemical reagents were chemically pure. The toluol was redistilled. The sodium 
pregnanediol glucuronidate was freed of sodium pregnaneolone glucuronidate by the 
procedure of Sutherland and Marrian (1947). An all glass filter funnel similar to that 
described by Engley (1952) and containing a sintered glass filter of medium porosity 
was used to filter off the pregnanediol before assa3^ The glucuronidase was prepared and 
assayed according to the procedure of Cohen (1951). The normal male urine used in these 
experiments was pooled urine. The pregnancy urines were collected from individual girls 
from 32 to 3S weeks of pregnancJ^ The pregnanediol assaj-s with sulphuric acid were 
carried out essentiallj' by the procedure of Talbot et al. (1941). 

EXPERIMENTAL 

The Hydrolysis of NaPG and the Purification of Pregnanediol 

The teclmique described by Cohen (1951) for the hydrolysis of preg- 
uanediol glucuronide was employed. A modified technique of Sommerville 

Received for publication iMarch 2, 1953. 
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States Public He.alth Service and from the Graduate School of the Universitv of !Minne- 
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- This paper was read before the Endocrine Societj' on June 5, 1952. 

’ The work reported herein is taken largeh’ from a thesis being presented b\’ M. M. 
Goldfinc in partial fulfillment for the degree of Master of .Arts In- the Univensitj- of 
Minnesota Graduate School. 
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et al. (1948) was employed for the purification of pregnanediol. This sclieme 
is outlined in Chart I. 


RATE OF HYDROLYSIS 

The hydrolysis of late pregnancy urine gives the same type of curve as 
did that employing pure NaPG (Cohen 1961). Hydrolysis is complete 
within 5 to 6 hours, indicating that urine NaPG is about twenty times 
more labile to glucuronidase hydrolysis than are most steroids. These 
results are illustrated in Figure 1. 


Chart I. Procedure for the hydrolysis of NaPG and 
purification of urinaty pregnanediol. 

URINE 
100-500 cc. 

Sterilize b}'' boiling 10 minutes 
Cool, adjust to pH 4.5 (0.1 N) with acetate buffer 
+ 1000 units glucuronidase, incubate 6 hours to 
overnight 

Extract with 2X1/2 vols, toluene 
(emulsions broken by configuration) 


-URINE RESIDUE 

TOLUENE 

Wash with 2X1/10 vol. N. NaOH. 1X1/10 vol. HaO 
To dryness zn vacuo 

Dissolve residue in 15-20 cc. hot ETOH, +1-2 mg. 
charcoal; filter (Whatman 12.5 cm. No. 12 Filter 
Paper) 


----—CHARCOAL 

FIUTRATE 

Concentrate to 5 cc. volume; +20 cc. hot 0.1 N 
NaOH. and incubate at 37° for 2-4 hrs. Filter 
(Engley funnel) 

-—-—-FILTRATE 

PRECIPITATE 

I Dissolve in 15-25 cc. ETOH 


ASSAY ALIQUOTS 



Percent Hydrolysis 
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Fig. 1 . The hydrolysis of pure NaPG and of late pregnancy urine 
(L.P.U.) with 1000 units glucuronidase. 


RECOVERIES OF PURE NaPG ADDED TO MALE URINE 

The data outlined in Table 1 illustrates that good recoveries can be 
obtained down to 0.04 mg. of pregnanediol per 100 cc. urine. 

RECOVERIES OF PREGNANEDIOL PROM HUMAN PREGNANCY URINE 

In Table 2 the accuracy of the pregnanediol assay is further shown. 
It can be seen from this table that glucuronidase liberates as much preg- 

TaBLE 1. AmOU.VT of PHEGNANEDIOl, RECOVERED FROM MALE URINE TO WHICH NaPG 
HAD BEEN ADDED BV GLUCURONIDASE (Gl) HYDROLYSIS 


Pregnanediol added as NaPG 

Solvent 

Gl hydrolysis 
(corrected for control) 

3.40 mg. 

100 cc. NMU P, 

3.23 

1.70 mg. 

100 cc. NMU Pi 

1.65 

control 

100 cc. NMU P, 

0 

0.C5 mg. 

100 cc. NMU P. 

0.52 

0.33 mg. 

100 cc. NMU Vl 

0.31 

control 

100 cc. NMU Vl 

0 

0.26 mg. 

100 cc. NMU Pi 

0.25 

0.104 mg. 

100 cc. NMU Pj 

0.101 

0.052 mg. 

100 cc. NMU P, 

0.000 

0.039 mg. 

100 cc. NMU P, 

0.030 

0.013 mg. 

100 cc. NMU P, 

0.022 

control 

100 cc. NMU P, 

0.030 
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Table 2. Comparison of pregnanediol recovered from pregnancy urine 
AFTER HYDROLYSIS BY HCl AND BY GLUCURONIDASE 


Patient 

Volume urine assayed 

Pregnanediol recovered hydrolysis with 

HCl in mg./24 hrs. Glucuronidase in 

mg./24 hrs. 

D. R. 

100 cc. 

36.8 

34.2 

R. A. 

100 cc. 

61.2 

64.0 

H. G. 

100 cc. 

72.0 

73.1 

M. S. 

100 cc. 

58.0 


H. M. 

100 cc. 

32.0 

32.6 

L. M. 

100 cc. 

42.0 


J. S. 

100 cc. 

44.0 

45.0 


nanediol as does HCl from 100 cc, pregnancy urine. Table 3 illustrates that 
pregnancy urine can iDe diluted so that 2 cc. of urine containing 0.14 mg. 
of pregnanediol can be readily assayed. In no case did an HCl hydrolysis 
effected after the glucuronidase hydrolysis yield more than the equivalent 
of 1 mg. pregnanediol per 24 hours. It would thus seem that in pregnancy 
urine at least, all of the pregnanediol is present as the glucuronide. 


APPLICATION OF GLUCURONIDASE HYDROLYSIS TO STUDIES 
OF THE NORMAL FEMALE CYCLE 

In Figure 2 is shown the level of pregnanediol excretions for a number of 
normal women. In these experiments assays were conducted on 500 cc. 
batches of urine. It will be noted that pregnanediol excretion shows a grad¬ 
ual increase during the follicular phase of the menstrual cycle. It does not 
reach its peak until a week or so before the next menses. It then falls 
rapidly so as to reach low levels by the time menses have begun. It will 
be noted that for patient K. W. the pregnanediol reached an excretion 
level of about 1.5 mg. per diem at the usual time but then fell abruptly, 
and did not rise again (to 2.5 mg. per day) until the 39th day of the cycle. 
As a result this girl had a 42 day cycle. 

It will be noted (Fig. 2) that melting points carried out on a number 


Table 3. Effect of dilution of pregnancy urine (to 100 cc. ivith HoO) 

ON PREGNANEDIOL ASSAY (PATIENT D.P.). 


Volume urine assayed 


Theoretical, mg. Actually found, mg. 

pregnanediol ^ pregnanediol 


100 cc. 
50 cc. 
25 cc. 
10 cc. 
5 cc. 
2 cc. 


6.9 

6.9 

3.5 

3.5 

1.7 

1.8 

0.69 

0.75 

0.34 

0.34 

0.14 

0.14 




Milligrams of Pregnanediol excreted per 24 hours 
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Days of cycle 


Fig. 2. The excretion of pregnanediol during the menstrual cycle. 
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of residues varied from 210° to 224° (pure pregnanediol melts at 236°- 
237°, uncorrected) 

THE EXCRETION OF PREGNANEDIOL DURING EARLY PREGNANCY 

Guterman (1944, 1945) reported on the use of a pregnanediol test for 
the detection of pregnancy, a finding confirmed by one worker (McCor¬ 
mack 1946) and criticized by a number of workers (Semmens and Mc¬ 
Henry, 1949; Kullander, 1950; Merivale, 1948; Reinhart and Barnes 
1946). In Table 4 are shown some results which we have obtained using 
the glucuronidase hydrolytic procedure. Since in the normal cycling women 
we found no pregnanediol assay greater than 3 mg./24 hours it is of interest 


Table 4. Pregnanediol excretion by early pregnancy cases' 


Patient 

Approximate time 
lapsing since 1st 
missed menses 

mg. pregnanediol 
/24 hrs. 

Comment 

D 

1 day 

3.3 


D 

4 weeks 

7.2 


O.R. 

1 week 

4.0 


O.R. 

17 weeks 

9.8 


A 

4 weeks 

5.5 


Z 

4 weeks 

6.5 


P 

5 weeks 

6.5 


E.Z. 

10 weeks 

15.4 


S 

12 weeks 

7.2 


B.H. 

12 weeks 

6.9 


E.H. 

13 weeks 

4.8 

Had a previous abortion 

E.H. 

17 weeks 

17.4 

X 

14 weeks 

16.1 


Y 

16 weeks 

4.2 

Aborted 1 week later 

0 

18 weeks 

12.5 



' We would like to thank Dr. I. H. Kaiser of the Department of Obstetrics and Gynecolog}', 
University of Minnesota Hospitals, for aid in collecting some of these urines. 


to point out that within 1 day of the missed menses of patient D a level of 
3.3 mg./24 hours and for patient R on the 5th day following the missed 
menses, 4.0 mg. pregnanediol was excreted. By the 4th week after the 
first missed menses the excretion of pregnanediol was at least 5 mg./24 
hours. It is of interest to point out that patient Y, with an excretion level 
of only 4.2 mg. pregnanediol/24 hours’ in the 16th week of pregnancy 
aborted shortly thereafter. For patient E. H. the first urine sample col¬ 
lected 13 weeks after the first missed mensem the pregnanediol excreted was 
relatively low. This patient had aborted in an earlier pregnancy and was 
feeling quite ill (malais and vomiting) at the time this. specimen was 
collected. Four weeks later this had passed and the pregnanediol secretion 
had risen to 17.4 mg./day. 

^ The melting points were determined on a Fischer micro melting point appaiatus 
and are uncorrected. 
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BISCtJSSION 

The use of glucuronidase as a hydrolytic means for pregnanediol in 
urine offers the following advantages: firstly, the conditions for effecting a 
complete hydrolysis with glucuronidase of NaPG results in very little 
hydrolysis of any other steroid glucuronide. This is true because of the 
use of an overnight incubation with 1,000 units of enzyme per 500 cc. 
urine (most conjugated steroids requu-e an incubation of 3 to 4 days with 
5,000 units per 25 cc. urine) and because the optimum pH for glucuronidase 
activity for NaPG is 4.5 while most of the steroid glucuronides have an 
optimum pH of 5.0 (Cohen, 1951). Secondly, the test is more sensitive than 
any other j'^et described, since 0.5 mg. of pregnanediol/24 hours can be 
accurately assayed. Apart from the time required for incubation about 6 
assays can be run per working day. 

Our figures for pregnanediol assays during the cj^cle are about one-half 
those reported by workers assaying for NaPG (Yenning and Browne, 
1937; Hain and Robertson, 1939; Buxton, 1940). This is not surprising 
in \’iew of the reports by Marrian and Gough (1946) that the NaPG iso¬ 
lated according to the procedure of Venning and Browne (1936) contains 
23% pregnaneolone. Smith and Smith (1952) have reported the presence 
in NaPG of up to 20% of some additional as yet not identified steroid 
glucuronides. Since our assay technique is a quantitative one we feel that 
it may offer an excellent diagnostic tool for pregnancy and for gjmaecologi- 
cal disturbances. 


SUMMARY 

The glucuronidase hydrolysis has been adapted for the assay of preg¬ 
nanediol in urines, bj’' introducing a relatively simple purification proce¬ 
dure. This test is highly sensitive, gives material with a good melting point 
and offers a means of hj’-drolysis whereby other steroids are h 5 ’’drolyzed to 
only a minor degree. It has been found possible to get effective assays on 
urines collected from girls in the earl}'- follicular phase of the cycle. It has 
also been found possible to utilize the assaj’’ procedure in the diagnosis of 
pregnancy. 
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NOTES AND COMMENTS 


GONADOTROPINS OF THE PITUITARY GLAND DURING INFANCY 
AND EARLY CHILDHOOD 

The purpose of this note is to present data on the gonadotropins of the pituitarj' 
gland of 2 infants and 1 child. 


I. MATERIALS AND METHODS 

A. Animals .—Female Wistar rats (30 to 40 days old) were h 5 'pophysectomized, injected 
with pituitarj’ homogenate and subsequently studied as described previouslj^ (Balm and 
associates, 1953 a, b). 

B. Pituitary Tissue .—The pituitary glands of 2 infants, 1 male and 1 female, and 1 male 
child, 4 years old, were obtained within three to four hours following death. N o prolonged 
terminal illness was present in any of the 3 patients. The wet weight of the combined anterior 
lobes of the hypophyses of the infants was 136 mg., and that of the child, 222 mg. The effects 
of total doses of only 10 mg. and 30 mg. of the gland of the infants and only 5 mg. and 
30 mg. of that of the child were determined owing to the limited amount and scarcity of 
tissue. 


II. RESULTS 

A. Homogenate of Infants’ Hypophyses .—The data in Table 1 indicate that no follicle- 
stimulating hormone (FSH) and no luteinizing hormone (LH, ICSH) activity was pres¬ 
ent in 30 mg. of pituitaiy homogenate. 

B. Homogenate of the Child’s Hypophysis .—Both FSH and LH activity were de¬ 
tected (Table I). Marked follicular growth accompanied b}’ ovarian enlargement was 
observed at a dose of 30 mg. Although complete repair of the interstitial cells was not 
observed, the uterine enlargement indicated estrogen secretion and thus the presence of 
LH. In terms of the previously defined units, there was somewhat more than 1 unit of 
FSH but less than 1 unit of LH per 30 mg. of pituitary homogenate. 


Table I. Responses to pituitary homogenate 


Animals 

Homogenate 

Ovaries 

Uterus 

Ovarian histology 

V.O. 

Condi¬ 

tion 

No. 

Source 

Dose, 

mg. 

mg. 

mg. 

/gm. 

mg. 

mg. 

/gm. 

F.D. 

C.L. 

I.T. 

Hyp. 

0 

_ 

■I 

0.5 

0.11 

22.7 

0.39 

0 

0 

D 

0 

Intact 

4 

— 


32.8 

0.28 

167.5 

1.44 

+ -b-|- 

+ 

R 

+ 

Hyp. 

2 

I 


4.1 


18.6 

0.30 

0 

0 

D 

0 

Hyp. 

2 

I 

■1 

S.l 

nMijl 

30.6 

0.36 

0 

0 

D 

0 

Hyp. 

4 

C 

5 

8.7 

0.12 

24.6 

0.33 

0 

0 

D 

0 

Hyp. 

2 

C 

30 

I 13.4 

0.18 

99.9 

1.31 


0 

D 

+ 


Abbreviations: Hj’p. = Hypophysectomized; mg./gm. =Organ weight per gram body 
weight; D = Deficiont; R = Repair; I.T. = Interstitial tissue: 0=Absent; +=Present; 
V.O. =Vaginal opening; F.D. = Follicular development; I=Pooled infants’ hypoplyses; 
C = Child’s hypophj’sis; C.L.= Corpus luteum. 
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While the organization of this book does not permit any special emphasis on the en¬ 
docrine glands, it must be apparent that modern endocrine histophysiology depends in¬ 
creasingly on histochemical techniques. Pearse’s Hisloclmnistry should prove a valuable 
addition to the librarj’^ of any endocrinologist who intends either to applj'^ histochemical 
methods or to interpret the significance of his own or others’ results. 

• Helen Wendler Deane 
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THE BIOASSAY OF GLUCO-CORTICOID ACTIVITY BY THE 
MOUSE GLYCOGEN METHOD: SOME NEW FACTS 

JOSEPH A. NISSIM 

Department of Pharmacology, Guy’s Hospital Medical School, London 

E xperience with the mouse glycogen method for the bioassaj" of 
gluco-corticoid activity was obtained while investigating the conver¬ 
sion of steroids by adrenal tissue. A number of new facts emerged, some 
of which of primary importance in the assessment of the accuracy and 
merit of different bioassay procedures. The method of Venning et al. (1946) 
measures the deposition of glycogen in the depleted livers of fasted ad- 
renalectomized mice, whereas the methods of Eggleston et al. (1946) and 
of Dorfman et al. (1946) depend on maintaining the well-stocked depots of 
hepatic glycogen during fasting. Venning’s method appeared to possess 
greater accuracy, and was adopted for the present investigation. 

METHODS 

Operative technique and anaesthesia. The adrenals were removed by the lumbar ap¬ 
proach, at first under pentobarbitone-ether anaesthesia, but better results were obtained 
with combined local and intraperitoneal xylocaine. The intraperitoneal dose produced 
anaesthesia of the peritoneum, as well as a state of stupor during which the operation 
was carried out. Mice weighing 20-26 g. received 0.15 ml. of 1% xjdocaine without 
adrenaline subcutaneously and 0.15 ml. intraperitoneally. For mice under 20 gm., the 
intraperitoneal dose was 0.1 ml. Half the subcutaneous dose was placed over the right 
lumbar peritoneal incision and half over the left, and the operation performed without 
pain response 5-10 minutes after the injection of xylocaine. The tail of the mouse was 
fixed by adhesive plaster, and its right ear held by an assistant. The animals suffered 
less discomfort and shock than with ether. By the fourth postoperative day, the mor¬ 
tality for 250 mice adrenalectomized under pentobarbitone and ether was 20%, while the 
mortality for 16S2 mice adrenalectomised under xylocaine was 6.9%. 

Strain of mice. Venning et al. used pure strain mice from their “own colony” but in 
the present work reliance had to be placed on dealers for the uniformitj' of the strain of 
mice. 

The “constaid temperature room.” Venning et al. kept their adrenalectomized animals 
in a “constant temperature room” at 76° F. In the present work, the temperature was 
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kept above 70° F. by a thermostat, but there were no means of reducing high tempera¬ 
tures in the summer. The temperature of the animal room was recorded three times 
daily, however, and a study made of the effects of its variation. 

RESULTS 

Preliminary assays on adrenal cortical extract, Eucortone, showed 
marked individual variation. This variation was particularly noticeable 
in the 20 control animals, four of which gave values over 10 mg. glycogen 
per 100 gm. body weight, viz., 26.3, 28.5, 66.7 and 67.2. The mean and its 
standard error were 10.86 + 4.64, while the figures of Venning et al. (34 con¬ 
trols) were 4.1+ 0.5, showing a marked difference in the mean, and a more 
striking difference in its standard error. Postmortem failed to reveal 
remnants of glands or accessory adrenal rests. The causes of this high 
variation -were next investigated. 

Liver glycogen levels in normal and in fasted non-adrenaleciomized mice. 
The standard error of the mean liver glycogen (Table 1) reveals again wide 


Table 1. Liver glvcogen levels in normal non-fasted mice, 
ANO IN NORMAL MICE FASTED FOR DIFFERENT FERIODS 


Group 

Number 

of 

animals I 

1 

Period of 
fast in 
hours 

Liver glycogen per 

100 gm. mouse 
mean ±S.E. 

Coefficient of 
variation 

a 

30 

0 

81.08 + 11.53 

77.9 

b 

10 

8 

40.62 + 10.12 

78.8 

c 

30 

24 

16.80+ 3.7 

120.5 

d 

1 

20 

24 

1 

24.35± 5.91 

108.5 


variation in all four groups, a variation which in this case could not be 
ascribed to faulty operative technique. 

The coefficient of variation was found useful, particularly for comparing 
the present results with those of other workers, and led to interesting con¬ 
clusions. In biological measurements, coefficients greatly exceeding 25% 
indicate a multiplicity of variables and necessitate the use of large numbers 
of animals in assays. A study of the factors concerned with the object of 
reducing the coefficient of variation is then desirable, and may result in a 
considerable increase in the accuracy of such assays. 

The coefficient of variation of the first 20 control adrenalectomized mice 
was 191.2, while the coefficients for normal and fasted normal mice are 
showm in Table 1. An inverse proportionality is noted between the mean 
and its coefficient of variation in the latter group, so that the higher co¬ 
efficient of the adrenalectomized controls could be attributed to a lower 
mean. A later group of starved normal mice gave a mean liver glycogen of 
8.4 and a variation coefficient of 218.56. The technique of adrenalectomy 
was evidently exonerated. 

The precision of the chemical estimation of liver glycogen was satis- 
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factory as determined by control experiments in which kimwn amounts of 
glycogen were added to pieces of liver. 

Stomach contents of fasted mice. Some fasted mice consumed large quan¬ 
tities of the sawdust bedding contained in their cages. When sawdust was 
excluded, the mean liver gl^'^cogen was lower, the “t” test giving P <0.001. 


Table 2. Liver glycogen levels in faster arrenalectomized control mice 


Group 

Number 

of 

animals 

Liver glycogen per 

100 gm. mouse 
mean+S.E. 

Coefficient of 
variation 

1 

10 

4.679 


2 

10 

29.166 


3 

10 

14..309 


4 

10 

26.470 


5 

10 

7.210 


6 

10 

6.830 


7 

' 10 

8.628 


8 

10 

25.590 


9 

10 

9.328 


10 

10 

2.026 


11 

10 

9.498 


12 

10 

19.474 


13 

10 

5.475 


14 

10 

14.925 


15 

10 

2.781 


1-15 

150 

12.4±1.8 

178.0 


Table 3. Comparison of liver glycogen levels in fasted adrenalactomized 

CONTROL MICE KEPT ON DIFFERENT DIETS DURING THE 
PERIOD OF PREPARATION 


Group 

Number 

of 

animals 

Diet 

Liver 
glycogen 
per 100 gm. 

mouse 
mean +S.E. 

Coefficient 
of varia¬ 
tion 

1 

P 

a 

150 

stock diet 

12.4 +1.8 

178.0 

_ 

_ 

b 

61 

diet A + B 

12.66+2.93 

181.25 

0.077 

>0.9 

a+b 

211 

as above 

12.48 + 1.53 

178.5 

1 

— 


The coefficient of variation remained veiy high, however, so that sawdust 
eating contrilsuted only a little to the scatter of the results. 

Fasted mice ate cotton wool, faeces, their own fur and the bodies of 
dead mice in their cage. In all subsequent experiments mice were kept in 
special mesliwire cages without bedding and with no access to each other. 
The high coefficient of variation was hardly affected, however. No corre¬ 
lation was established l)etween liver glycogen and gastro-intestinal con¬ 
tents at the time of killing. 

Diet and liver glycogen. The 34 control adrenalectomized mice of Venning 
et al. (1946) fasted for 221 hrs., gave a mean liver gl 3 ’’cogen of 4.1 mg./TOO g. 
No mention was made of gross deviations, nor are thej^ suggested b}’ the 
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small standard error (0,5). The mean liver glycogen of the 242 control 
mice of Dorfman et al, fasted only 6| hrs., was 10.8. Large variations were 
mentioned, some of the control groups averaging as much as 31.5 mg. 
/lOO gm. The 28 control mice of Eggleston et al. (1946) also fasted for 6| 
hrs., averaged less than 5 mg./lOO g. and wide variations, were not de¬ 
scribed. In the present investigation, the mean of 150 mice, fasted for 22^ 
hrs., was 12.4 + 1.8 with a variation coefficient of 178.0 (Table 2). 

Forbes et al. (1950) published results of assays with a modified form of 
Eggleston’s method. When mice were fed on the McCollum diet (Diet A), 
“positive controls,” i.e. mice showing more than 9 mg. liver glycogen per 
100 gm., occurred frequently. The substitution of bran for whole wheat 
flour in the McCollum diet (Diet B) resulted in more “positive controls,” 
with values as high as 179.4 mg./lOO gm. AVhen “Diet B” was substituted 
for “Diet A” in the last 15 hrs. before the fast, however, “more rapid empty¬ 
ing of the intestinal tract occurred,” and only one “positive control” en¬ 
countered in a group of 34- 

Combined “Diet A-f B” was therefore tried in 61 mice, and the results 
compared with the 150 control mice on stock diet (Table 3). There is no 
significant difference in the mean or variation coefficient, and the “t” test 
gives P >0.9. 

Liver glycogen levels in control mice do not follow the normal distribu¬ 
tion, a fact which may vitiate the application of the “t” test to the two 
groups. The means of samples from abnormal distributions, however, 
rapidly conform to the normal curve with increase in the size of sample 
(Emmens, 1948; Finney, 1950). A comparison of the two control groups, 
based on the mean values of subgroups of 10 mice, is given in Table 4. The 
“t” test again gives P >0.9. 

Temperature and liver glycogen. During the hot summer months, assays 
gave high results, and liver glycogen in control mice showed striking rises 
which necessitated the rejection of previous experiments. The effect of 
temperature was important not only on the day of test but throughout 
the postoperative period. Temperatures of 76-80°F with little effect in 
dry weather produce a marked increase in liver glycogen if the atmosphere 
is humid (Table 5). 

Experiments carried out with the object of reducing the error of the assay. 
Attempts were made to reduce liver glycogen by a variety of procedures in 
the hope of eliminating “positive controls,” even though at the expense of 
some loss in sensitivity. Forced exercise for 4 hrs.—by the rotating drum 
method—prior to the assay, and exposure to 4°C for the same period, did 
not produce the desired result. The possibility of a glycogenic steroid being 
evolved by the gonads was investigated by performing combined orchid- 
ectomy and adrenalectomy on the test mice, but this also gave no better 
results. A third method was yet tried. Three groups of mice were given 
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daily subcutaneous injections of 10 g. of l-thjTOxine sodium for 4-5 dai^s 
up to the day of assay. This succeeded in eliminating control values over 
lOmg./lOOgm. (mean 3.33 ±0.81), but the coefficient of variation was still 
unduly high (132.5%), and mice were rendered totally insensitive to Eu- 
cortone. 

Assay of cortisone. Failure to secure low-liver glycogen in control mice 

Table 4. Comparison of liver glycogen levels in fasted adrenalectomized 

CONTROL mice KEPT ON DIFFERENT DIETS DURING THE 
PERIOD OF PREPARATION 


(Statistics based on mean values of groups, each consisting of about ten mice) 


Group 

Number 

of 

animals 

1 

Diet 

Liver 
glycogen 
per 100 gm. 

mouse 
mean +S.E. 

Coefficient 
of varia¬ 
tion 

1 

1 

P 

a 

150 

stock diet 

12.43±2.3 


\ _ 

_ 

b 

61 

diet A-f B 

12.61 +2.37 


0.0454 

1 <0.9 

a+b 

211 

as above 

12.48 + 1.80 

BiH 


! — 


Table 5. Comparison of liver glycogen levels in fasted adrenalectomized 

CONTROL mice UNDER DIFFERENT WEATHER CONDITIONS 


Group 

Number 

of 

animals 

Tempera¬ 
ture 
range 
“ F. 

Liver 
glycogen 
per 100 gm. 

mouse 
mean +S.E. 

Coefficient 
of varia¬ 
tion 

i 

P 

a 

b 

211 

91 

74 + 4 i 
80 + 4 

12.48±1.53 

70.13±8.03 

178.5 

109.75 

9.975 

<0.001 


Table G. Liver glycogen levels in fasted adrenalectomized control mice subjected 

TO VARIOUS TREAT-MENTS DURING THE PERIOD OF PREPARATION 


Group 

Number 

of 

animals 

i 

Treatment 

Liver 
glycogen 
per 100 gm. 
mouse 

mean±S.E. i 

Coefficient 
of varia¬ 
tion 

1 

\ 

P 

a 

211 ! 

nil 

12.48± 1.53 1 

178.G i 

_ 1 

\ _ 

b 

i 9 

i 

cold—4° C. for 

4 liours 

9.42± 5.43 

173.0 



c 

11 

forced exercise 

20.50± 9.14 

147.75 

i l.llG 

>0.2 

d 

' 9 ! 

orchidcctomy 

37.72±12.27 

97.5 ! 

— 

— 

e 

30 

thyroxine 

3.33+ 0.81 

1 132.5 j 

2.1G7 



and uniform response in mice injected with gluco-corticoids was persistent. 
It was therefore decided to proceed with the investigation originalh'’ 
planned, employing for the assa 3 ’’ the onlj’’ mice that were available. An 
assaj’- was carried out with cortisone acetate as a standard (Table 7). A 
large number of animals, viz., 40 for each dose, had to be used to olftain a 
reasonabfy small standard error, and 20 jug represented the smallest 
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Table 7. Liver glycogen leveijS in fasted adrenalectoaiized mice injected 
WITH cortisone ACETATE ON DAY OF TEST 


Group 

Number 

of 

animals 

Dose 

in 

ng- 

Liver glycogen 
per 100 gm. mouse 
mean +S.E. 

Coefficient 
of varia¬ 
tion 

t 

P 

a 

211 

0 

12.48+ 1.53 

178.5 

__ 


b 


10 

17.33+ 9.13 


0.850 

>0.3 

c 


20 

28.08± 5.33 


1.086 

>0.2 

d 


40 

52.08± 9.54 


2.184 

<0.05 

e 


80 

105.70+14.12 

84.5 

3.148 

<0.01 


amount of cortisone capable of producing a significant difference in re¬ 
sponse as seen from the "t” test between doses. 

The coefficient of variation is again persistently high, though it di¬ 
minishes in an inverse manner with increase in the mean. A group of fasted 



Fig. 1. Logarithm dose-response regression line for cortisone 
acetate—from 3 points, 20, 40 and SO micrograms. 

normal mice injected with 0.1 ml. Eucortone and showing a mean of 46.83 
had the same coefficient of variation (116) as the group of adrenalectomizecl 
mice injected with 40 yug cortisone with a mean of 52.08. Thus, animals 
showing comparable means have comparable coefficients of variation in 
both normal and adrenalectomized groups. This relationship emphasizes 
again the independence of the high scatter from the technique of ad¬ 
renalectomy. 

The responses to the last three doses of cortisone show a reasonably 
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good fit to a log-dose repsonse curve (Fig. 1). If the .smallest dose (10 pg) 
is included, the fit is impaired consideral)lJ^ The reason for this is under¬ 
stood from Figure 2, where all four points are plotted as a linear dose- 
response curve and fit the regression line almost perfectly. Regression 
lines are often linear in the lower range of doses of an active suljstance, 
and this appears to be the case with cortisone acetate over the range 10- 
80 jug. The log-dose response curve is used in tlie comparative studies 
which follow. 



Fig. 2. Line.ar close-response regression line for cortisone 
acetate—from 4 points, 10, 20, 40 and SO micrograms. 


DISCUSSION 

The findings of the present investigation are different in several respects 
from those of other workers, and tlieir careful consideration may result in 
the saving of time and trouble for many an investigator. These findings 
have also prompted the critical anal 3 ’'si.s of the data and conclusions of 
other authors. 

Tcmpcrainre and liver glycogen. Venning ct al. (1946) found that during 
the summer months the “standard dose of 70 mg glucose will cause some 
deposition of gtycogen and consequenti 3 '’ the deposition values for known 
amounts of adrenal corticoid are greater.” Thej' recommended that tlie 
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sensiti^dty of mice be checked from time to time witli a crystalline gluco¬ 
corticoid hormone. The present results indicate that the matter is more 
serious. Liver glycogen levels in fasted non-adrenalectomized mice which 
have not received glucose show that in hot weather the hepatic glycogen 
depots are more richly stocked and more resistant to depletion. Many 
mice show glycogen levels over 200 mg/100 gm without the help of glu¬ 
cose. Unless the animal room is equipped with an automatic cooling de¬ 
vice, bioassay experiments must be interrupted during hot weather. A 
check on sensitivity with a crystalline gluco-corticoid may not be sufficient, 
since variation among the two groups may be great enough to-lead to 
fallacious conclusions. 

The temperatures at which various authors kept them mice were differ¬ 
ent. Venning et al. kept their mice at 76°, Eggleston et al. at 78° and Forbes 
et al. at 80±3° F. In the present work, temperatures in the range used by 
Forbes et al. gave high control values (Table 5). The range of 74 + 4° F. 
was found to give reasonably reliable results. Whether these differences are 
ascribed to differences in strain of mice or to other climatic factors, e.g. 
humidity, it is evident that each investigator will have to find his own 
optimum range of temperature. 

Comparative study of the coefficient of variation. At first the widely scat¬ 
tered values of liver glycogen in control and injected animals were be¬ 
wildering. Control experiments removed suspicion from the operative 
procedure and chemical estimation of liver glycogen. With the progress 
of the work, it became clear that the high coefficient of variation Avas a 
characteristic of the mice used. Except for some inverse proportionality 
Avith the mean, the magnitude of this coefficient changed little throughout 
all experiments and Avas independent of diet, temperature Amriation, body 
Aveight and amount of body fat. To all appearances, therefore, the high 
coefficient of Amriation is a constant characteristic of the colony of mice, 
and is most probably an index of the admixture of strains in that colony. 

The aboA^e argument is strengthened by the results shoAAm in Table 8, 
Avhere a comparatiA^e study is made of the coefficients of variation of the 
present experiments and those of other AAmrkers. The coefficient of Amria- 
tion is highest in control groups and mostly shows gradual dimunition 
AAoth increase in the dose of cortisone. The relatiAm magnitude of this co¬ 
efficient is characteristic throughout the experiments of each inA'-estigator, 
and the average coefficient for the cortisone experiments is given at the 
foot of the table. 

Venning et al. made particular mention of the purity of their strain. The 
coefficient of variation in some of then' experiments Avas as Ioaa' as 8%. 
The average coefficient for the Avhole 354 mice reported in their paper is 
35%, and if the control groups are excluded, this falls to 25%. The aver- 
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age coefficient of variation for the mice of Dorfman el al. (1946) is far 
greater and suggests a fair admixture of strains. 

The coefficients of variation were also calculated from the data of Olson 
ct al. (1944) and of Pabst et al. (1947), who used the glycogen assay method 
in the rat, and the average figures in their assay of cortisone are 29.57 and 
23.25% respectively. Rats are more easilj’^ obtained in relialjl}^ pure 


Tabi.b 8, Comparative study of the coefficiext of vahiatiox of the mouse 

GLYCOGEN METHOD OF ASSAY OF GLUCO-CORTICOID ACTIVITY 


(Values calculated from published results of various authors) 


Dose of j 

cortisone j 

in ng. 

Xame of author 

Nissim 

1 

Dorfman 
et at. 

(1946) 

Venning 
et al. 

(1946) 

Eggleston 
ct al. 

(1946) 

0 i 

178.5 1 

101.1 

71.0 

54.0 

(control) 





10 

— 

— 

23.85 

— 

20 

120.0 

75.0 

14.5 

! — 

40 

116.0 

53.75 

23.3 

1 — 

50 

— 

! — 

21.63 


80 

84.5 

1 41.7 

— 

j — 

average variation of 


i 



cortisone 

106.825 

j 56.8 

! 20.825 

j — 


Table 9. Cojiparison of values of coefficient of variation, slope, and index op 

PRECISION FOR CORTISONE IN BIOASSAYS CARRIED OUT BY DIFFERENT AUTHORS. ThE TABLE 
ALSO SHOWS PROPORTIONALITY BETWEEN SQUARE ROOT OP MEAN 
SQUARE OF ERROr(S) AND COEFFICIENT OF VARIATION 



Xame of author 



Dorfman 

Venning 

Eggleston 


Nis.sim 

cl al. 

el al. 

ct al. 



(1946) j 

(1946) 

(1946) 

Average of coefficient of varia¬ 
tion for cortisone 

Slope of line of regression of cor- 

106.825 

56.8 

20.825 

— 

tisone (b) 

12.9 

22.23 

! 9.59 

8.1 

Index of precision (X) or s/b 
Square root of moan square of 

0.505 

1 

0.158 

0.137 

— 

error(s), calculated from line 

2 and 3 above 

6.523 

3.512 

1.314 1 


s/v ratio 

0.06105 

0.0618 

0.0631 

— 


s/v ratio approximately constant. 


strains than mice, and it is evident that the accuracy of bioassays carried 
out with pure strains of rats or mice are of the same order. 

The index of precision and the accuracy of bioassay methods. Table 9 pre¬ 
sents a comparison of the coefficient of variation, the slope and the index 
of precision for cortisone bioassays by Dorfman et al. (1946) and Venning 
ct al. (1946) as well as in the present investigation. The slope represents 
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the combined sensitivity of method and strain. The index of precision is 
tlie square root of the mean square of error divided by the slope, i.e. s/b 
named X by Gaddum (1933). The square of the index of precision is in¬ 
versely proportional to the amount of information per test object, so that 
a smaller X means greater precision. 

Dorfman (1950) compared the index of precision of assays by Eggleston 
et al., Venning et al., and Dorfman et al. Eggleston’s method D gave the 
lowest index of precision, and while the indices of Venning et al. and 
Dorfman et al. with cortisone were Very nearly the same, that of Venning 
et al. was slightly smaller. The precision of the present experiments 
(0.505) is inferior to all three. 

When the square root of the mean square of error (s) is calculated for the 
three experiments from the slope (b) and the index of precision (s/b), it 
is seen that they are in strict proportionality with the coefficient of varia¬ 
tion (v). The ratio (s/v) gives the values 0.061, 0.062, and 0.063 for the 
three sets of experiments—an approximately constant figure. In the fore¬ 
going analysis it had been concluded that the average coefficient of varia¬ 
tion for the cortisone experiments of each of the three workers virtually 
depended on the puiaty of the strain of animals used. The proportionality 
now established between the square root of the mean square of error and 
the average coefficient of variation shows that the error factor used in tlie 
calculation of the index of precision depends in practice on the purity of 
the strain. 

Erroneous conclusions arrived at by using the index of precision (X) to com¬ 
pare merit of hioassay methods on animals of same species. Dorfman (1949, 
1950) presented a comparative study of the carbohydrate methods of as-, 
say of adrenal cortical hormones based on the value of the index of pre¬ 
cision and on the error range of potencj^ ratio. The error range of potency 
ratio is equal to s/b s/l/ni + l/ni as a first approximation, and is propor¬ 
tional to the index of precision. Dorfman (1949) concluded that “the 
method of Venning et al. (1946) appears to have the higher accuracy as 
seen by the fact that a lower error range of potency ratio was found with 
fewer animals,” i.e. because of a smaller X. Table 9 show^s, however, that 
the lower index of precision obtained for the experiments of Venning et al. 
is due entirely to the smaller mean square of error. The value of the 
slope, which is proportional to the combined sensitivit}'" of method and 
strain, is only 9.59 in the method of Venning et al. compared wnth 22.23 in 
the method of Dorfman et al. The calculated greater accuracy of Venning’s 
method is due entirely to the uniformity of the strain. Unless the lower 
slope obtained by the Montreal workers is attributed entirely to a lower 
sensitivity of the particular strain of mice, Dorfman’s method, as judged 
from the slope of 22.23, is the more accurate. The confusion of the preci- 
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sion of experiments with the accuracy of methods has obviously led to 
erroneous conclusions. 

The fallacy resulting from such an assumption is perhaps best illustrated 
by exchanging the variation of the strain of mice in the two methods. Bj" 
combining Venning's mean square of error' (s-) with Dorfman’s slope (b) 
and vice versa, the indices of precision would have assumed the following 
values: 

a. Venning’s mean square of error and Dorfman’s slope, 1.314/22.23 = 0.0591 

b. Dorfman’s mean square of'error and Venning’s slope, 3.512/9.59 = 0.366 

The indices of precision, far from being comparalrle, would have shown 
the ratio, 0.366/0.0591 = 6.2. 

By combining Eggleston’s mean square of error with Dorfman’s slope, 
and vice versa, even greater differences in X would have resulted. 

Mouse versus rat glycogen methods of assay. Analysis of results led Dorf- 
man to regard the rat gtycogen method as “the mest precise method avail¬ 
able for the bioassay of adrenal cortical material but not the most sensi¬ 
tive.” Pabst et al. (1947) also found that “tlie rat gives more reliable re¬ 
sults,” and pointed out that whereas Dorfman et al. (1946) found the error, 
with groups of 10 mice (P = 0.05), to be —59 to 4-150%, the error in their 
assaj'-s with groups of 10 rats is within 20%. These analj'-ses did not take 
into account, however, the varied results obtained by different authors 
with different colonies of mice. In fact, the average coefficient of varia¬ 
tion obtained by Venning et al. with a pure strain of mice is about the same 
as that of Pabst or Olson with rats. When this observation is coupled with 
the established greater sensitivity of mice to cortical hormones it is evi¬ 
dent that greater precision should be attained with a pure strain of mice 
than of rats. Indeed, the index of precision for the assay of cortisone b}’’ 
Venning et al. is 0.137 compared with 0.149 for the assaj'- of the same sub¬ 
stance bj’- Pabst et al. The index of precision for the a.ssay of 11-dehydro- 
eorticosterone by Venning et al. (0.222) is, however, higher than that ob¬ 
tained by Pabst et al. (0.095) for the same substance. This was mainly 
responsible for giving a greater error range of potenc}' ratio in the com¬ 
parison of ll-deh 3 fdrocorticosterone to corti.sone by the method of Venning 
ct al. ( — 17, 4-20) than that obtained by the method of Pab.st ct al. ( — 10, 
4-12). The numbers of animals used bj-- Venning et al. were, however, onlj’^ 
73 compared with 90 used bj’^ Pabst et al. The average of the coefficients of 
variation for all the results of Venning et al. (263 mice), excepting the con¬ 
trol mice, is 25, while the average of this coefficient for the re.sults of 
Pabst ct al. with cortisone, adrenal extract and 11-dehydrocorticosterone 

' The niciin square of error (n-) is the error due to random sampling—in tables of an¬ 
alyse.? of variance—divided by the eorre.sjmnding degrees of freedom. 
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(169 rats) is 34. Even for 11-dehydrocorticosterone itself the coefficient of 
variation for Venning’s mice is 29.07, compared with a coefficient of varia¬ 
tion for Pabst’s rats of 30.82. Venning’s strain of mice, therefore, can give 
results which are not only more accurate but also at a far smaller level of 
dosage. The first essential for securing a high level of precision with mice 
is to ascertain the purity of the strain. 

SUMMARY 

The mouse glycogen method of Venning et al. (1946) was used for the 
assay of gluco-corticoids, and factors influencing liver glycogen under the 
conditions of assay were studied. Marked variation in liver glycogen levels 
of adrenalectomized control and injected mice was noted, and this was 
paralleled by wide variation in normal mice. 

The average coefficient of variation for the cortisone assay was 106.8% 
as compared with 56.8% for Dorfman et al. (1946) and 20.8% for Venning 
et al. (1946). The relative magnitude of this coefficient is characteristic 
throughout the experiments of each investigator. In the present experi¬ 
ments this was shown to be independent of the adrenalectomy or the 
chemical assay of glycogen, and is therefore an index of the purity of the 
strain of animals used. 

Erroneous conclusions were arrived at by authors using the index of 
precision to compare the accuracies of assay methods without attention 
to differences in the variation coefficient of the different colonies of mice. 
Variation in strain should not be allowed to confound the issue when the 
accuracies of methods are compared. 
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METHOD OF ASSAY OF A SODIUM-RETAINING 
FACTOR IN HUMAN URINE^ 

BERTHA SINGERS and ELEANOR H. VENNING 

McGill University Clinic, Royal Victoria Hospital, Montreal 

T he retention of salt and water in a number of clinical conditions has 
sometimes been attributed to the presence of an excess of a desoxj'^cor- 
ticosterone-like suirstance possibly of adrenal cortical origin. It has also 
been suggested that other conditions, among them certain rheumatic dis¬ 
eases, may be associated with a relative excess of “mineralocorticoid” 
(Selj’’e 1951). For some time the validity of these suggestions could not be 
investigated because a sensitive method for the assay of this material was 
not available. Dorfman, Potts and Fell (1947) found that the urinarj'^ ex¬ 
cretion of Na-'*, during the first 6 hours after its subcutaneous injection in 
adrenalectomized rats, could be reduced bj' pretreatment with as little as 
1 pg. microgram of desoxycorticosterone-acetate (DCA). A dose-response 
curve was not given and the effects were not alwa 3 ’'s reproducible. However, 
the principles suggested by these investigators have been used as a basis for 
a biological assay procedure bj'" several groups of investigators. None of 
the modifications, with the exception of that of the present studj’’, have re¬ 
tained the use of Na^^ as an index of mineral activitJ^ Deming and Luet- 
scher (1950), Spencer (1950) and Marcus, Romanoff and Pincus (1952) 
measured total urinary sodium by use of a flame photometer, Kagawa, 
Shipley and Meyer (1952) measured urinary sodium by a microchemical 
technique, and Simpson and Tait (1952) measured the urinar}’- Na-yiU- 
ratio. 

Sodium-retaining activity, as determined bj’’ one of the above mentioned 
methods, has been detected in crude lipid extracts of urine from patients 
with congestive heart failure and nephrosis by Deming and Luetscher 
(1950) and Luetscher and Deming (1951), and in the urine of patients with 
toxemia of pregnane}’’ by Chart, Shipley and Gordon (1951). Studies per¬ 
formed at the University Clinic of the Royal Victoria Hospital, with the 
method described in this report, have yielded similar results in congestive 
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heart failure (Singer and Wener—in press), nephrosis (McCall and Singer 
—in press) and toxemia of pregnancy (to be published). Although the 
chemical nature of the active material in these urinary extracts is not 
known, it is possible that it is similar to a “mineralocorticoid” recently 
isolated from beef adrenal extract by Grundy, Simpson and Tait (1952) 
and from adrenal venous blood from a monkey and a dog by Simpson, Tait 
and Bush (1952). Recently two subtsances have been detected in preg¬ 
nancy urine with Rf values corresponding with two substances in the 
amorphous fraction of adrenal cortical extracts (Bush, de Courcey and 
Gray, 1952). 

The present communication includes the description of a method for the 
assay of a sodium-retaining factor in human urine as well as some studies 
on the properties of the active material. 

METHODS 

Assay Procedure 

Hooded male rats weighing 160 to 170 gm. at adrenalectoni}" were used in all experi¬ 
ments. The animals were maintained on a standard diet of Purina fox chow and were 
adapted to laboratoiy conditions for one daj' prior to operation. Room temperature 
was maintained as close to 80° as possible. The animals were bilateral!}" adrenalectomized 
by the dorsal route under light ether anaesthesia and were placed on saline drinking 
fluid for the first post-operative da}" and on distilled water for the second. Assays were 
performed 2 days after adrenalectomy. Rats which had lost 10 grams or more following 
adrenalectomy, or gained more than a few grams, were discarded. Each group of test 
animals consisted of 6 to 9 lats. A similar group of control animals was required for each 
day of testing. Tlie test and control animals used on one day were equally distributed 
throughout all tlie cages in order to avoid variations due to the time of handling. 

Food and water were removed one hour prior to the injection of the animals. The ani¬ 
mals were attached to a board and given subcutaneous injections of the test substance 
or the solvent vehicle alone (0.1 ml. of absolute alcohol) and 1.0 ml. of an aqueous solu¬ 
tion containing 3.5 mg. of sodium chloride with tracer quantities of Na-h The animals 
were returned to their cages for the urine collection period after ligation of the urethra 
with heavy thread. Five hours after the administration of the radioactive sodium, the 
animals were killed by the intraperitoneal injection of Nembutal. The body wall was 
ojrened and the bladder exposed. A fine needle and syringe were used to remove the 
urine directly from the bladder. Bladder and syringe rinses were added to the urine. 
Aliquots (1.5 ml.) of the urine plus washes were plated onto cupped metal planchets, 
dried under an infrared lamp and counted in a Geiger counter (Berkeley Scaler Model 
1000-B with Tracerlab G-M tube with mica end-window less than 2 mg./cm.-). The 
mean sodium-24 excretion of the control animals was considered as 100% excretion and 
that of the test animals was expressed as a percentage of the mean control value. Al¬ 
though the urine assays were all performed in the above manner, studies on individual 
steroids included the injection of test substances in 0.25 ml. of corn oil or 0.25 ml. of 
25% alcohol as well. When the steroids were injected in these two materials, they were 
given 1 hour before the administration of the radioactive sodium and the urine was col¬ 
lected for a period of 6 hours. 
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Preparation of Urinary Extracts 

Urine was collected without preservative, refrigerated and extracted, generally, 
within two day.s. It was acidified to pH 1.5 and extracted three times with redistilled 
chloroform. The chloroform was then distilled from the residue in vacuo at low tem¬ 
perature (water bath temperature 40° C.) and the remaining dry residue dissolved in a 
small quantity of absolute alcohol and sealed in a glass ampule under light vacuum. 
The ampules were refrigerated until used. Extracts prepared in this manner are referred 
to as crude lipid extracts. When deso.xycorticosterone was added to normal human urine, 
which was then extracted as described, recoveries of 85% and 100% were obtained. Neutral 
lipid extracts were studied on several occasions. These were prepared by washing the 
crude lipid extract, dissolved in chloroform, with small* volumes of 0.1 N NaOH. This 
was repeated five times. After each washing, the sodium hydroxide was extracted once 
with an equal volume of chloroform which was then added to the rest of the chloroform 
extract. The alkali-washed chloroform extract was washed several times with distilled 
water until the washings were neutral to pH paper. Here again, each washing was back- 
extracted with chloroform. The neutral lipid extract prepared in this manner was 
stored in the same waj' as described for the crude lipid extract. Unless otherwise stated, 
an amount of extract equivalent to a 20-minute sample of urine was injected into each 
animal. 


RESULTS 

Effect of DC A 

A sodium-retaining effect was obtained with DCA at all dosage levels 
studied. The dose-response curves obtained with DCA injected in absolute 
alcohol (0.1 ml.), 25% alcohol ( 0.25 ml.) and corn oil (0.25 ml.) are pre¬ 
sented in Figure 1. A dosage range of 1 to 20 jug./animal has been stuided. 
Each point represents the mean value obtained from one to three experi¬ 
ments. Tire mean Na^^ excretion of the test animals, expressed as a per¬ 
centage of that of the control animals, has been plotted again.st the dosage 
per rat. Regardless of the differences in solvents and timing, .similar curves 
have been obtained in each instance. When the ratio of the urinary Na-^ 
of te.st to control animals was plotted against the log of the dose, a straight 
line was obtained for each curve. Significant differences were not olrserved 
in the regression coefficients (Tippett, 1941) or the means (Snedecor, 1948) 
of these lines. The regression line obtained for all studies with DCA is pre¬ 
sented in Figure 2. This line is derived from a total of 127 test animals. Sig¬ 
nificant sodium-retaining effects were observed at the 2 jug. dosage level 
(P is <0.01) or higher. The free steroid, desox 3 ''corticosterone, has been 
studied at the 2 and 20 jug. dosage levels and the effect was similar to that 
observed with the acetate esters at the same dosage levels. 

Effect of Cortisone 

The effect of cortisone in dosages ranging from 1 to 52.5 gg. per rat is pre¬ 
sented in Figure 3. Similar conditions and solvents were used as with DCA. 
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Fig. 1. Effect of DCA on urinaiy radiosodium excretion in rats. Curve for DCA in 
absolute alcohol obtained with 5 hour assay. Other curves obtained with 6 hour assay. 
Na“^ excretion of control animals was considered as 100% excretion. Values under 100% 
indicate sodium retention. 



Fig. 2. Effect of DCA on urinaiy excretion of radiosodium in rats, log-dose- 

response relation. 
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Each point in the figure repersents the mean of a single group of 6-9 ani¬ 
mals. This has been done because repeat assays at any one dosage of this 
material did not alwaj'-s give a similar effect. For the most part, animals 
treated with cortisone excreted more of the injected radioactive sodium 
than did the control animals, i.e. cortisone had a sodium-excreting effect. 
Lines have been drawn joining those dosages studied on the same da 5 ^ Al¬ 
though these results do not give evidence of a clear-cut dose-response re¬ 
lation, the}'^ do suggest that the sodium-excreting effect increases with in¬ 
creasing dosage. Sodium-excreting effects were obtained throughout the 
entire range studied and in both the 6-hour assay (cortisone injected in 
corn oil and in 25% alcohol) and the 5-hour assay (cortisone injected in 



CORTISONE IN 25% ALCOHOL 



CORTISONE IN 
ABSOLUTE alcohol 



Fig. 3. Effect of cortisone on urinary excretion of radiosodium in rats. Na-^ excretion 
of control animals was considered as 100% e.xcretion. Values under 100% indicate 
sodium retention. Experiments performed on one day are joined by lines. Each point 
represents the mean value for one group of rats. Studies with cortisone in absolute 
alcohol were done with the 5 hour assay, the others were done with the 6 hour assay. 


absolute alcohol). A sodium-retaining effect was observed on only two oc¬ 
casions and even then was not significant since the test animals excreted 
over 90% as much Na-^ as the control animals. 


Effect of Storage on the Activity of Urinary Extracts 

Since the assays with i-adioactive material could not always Ise carried 
out immediately after the collection and extraction of the human urine, 
storage of the extracts for periods of several weeks was sometimes neces¬ 
sary. It was observed that a number of the extracts, which had Ijcen 
stored in the dr}' state at room temperature, lost a great deal of their 
sodium-retaining effect in 2 to 4 weeks. The change in activity of 4 extracts 
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Fig. 4. Changes in activity of urinaiy extracts witli time: effect of different methods 
of storage. Radiosodium excretion of control animals vas considered as 100% excretion. 
Values under 100% indicate sodium retention. 


stored in this manner (referred to as "dry” storage) for several weeks is pre¬ 
sented in Figure 4. Tlie mean urinary radiosodium of tlie test animals, as a 
percentage of that of tlie control animals, has been plotted against the age 
of the extract in days. Losses in activity were observed in 3 of the 4 ex¬ 
tracts. AVhen the extracts were sealed in ampules in small amounts of ali- 
solute alcohol and refrigerated until assayed, losses during storage were 
negligible. Studies with three such extracts, stored for various periods of 
time, are presented in the same Figure. This method of storage is referred 
to as "wet” storage and was adopted for routine purposes. 


Effect of Alkali and Water Washing on Activity of Urinary Extracts 

Two urinary extracts obtained from patients with nephrosis were studied 
in the crude lipid form and in the neutral lipid form, i.e. after washing of 
the crude lipid fraction with dilute alkali and water. Results are presented 
in Table 1. These two studies suggest that the active material is relatively 
alkali-insoluble since recoveries of 114.3% and 81.7% were obtained in the 
washed chloroform fraction. 


Effect of Variations in Time-dosage on Activity of Urinary Extracts 

Two crude lipid extracts obtained from the urine or patients with ne¬ 
phrosis were studied at time-dosages ranging from 4.4 to 40 minutes per 
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Table 3. Effect of alkali and water washings on sodium-retaining 

ACTIVITY of crude LIPID URINARY EXTRACTS' 


Subject 

Fraction 

No. test 
rats 

No. control 
rats 

Urinarj' 

Na2'(%of 

controls)" 

.4pprox. DC.4 cquiv; 
(ug-) 

H.MacD. 

Crude 

5 

7 

57.1 

4.4 

H.M.acD. 

Neutral 

6 

8 

50.0 

4.9 

Rocov'ery 114.3% 

D.L. 

Crude 

8 

10 

49.7 

4.9 

D.L. 

Neutral 

0 

6 

.58.5 

4.0 


Recovery 81.7% 


' Studies performed on urine of patients with ncphro.sis. 

- Na” excretion of control animals was considered as 100%. Values under 100% indicate 
sodium retention. DCA equivalents taken from curve obtained with DC.\ in absolute 
alcohol. 

rat (Fig, 5). Results indicated that the sodium retaining effect was in- 
Jiibited at the higher dosage levels. In one case (H.MacD.) studied at tlie 
4.4, 10, 20 and 40 minute dosage, a maximum effect was reached at tlie 10 
minute level. This degree of activity was maintained at the 20 minute dos* 



PiG. 5. Effect of different time-dosages of crude lipid extracts of urine on radiosodiuni 
excretion in rats. Na-' excretion of control animals was considered as 100% excretion. 
Values under 100% indicate sodium retention. 
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age but decreased again at the 40 minute level. The second extract (D.L.) 
which was studied at the 10, 20 and 30 minute dosage levels, showed a 
maximum sodium-retaining effect at the 20 minute level. The effects at the 
10 and 30 minute dosages were similar. 

Comparison of Method of Deming and Luetscher with Present Method 

Dr. Deming and Dr. Luetscher kindly forwarded samples of two crude 
lipid extracts obtained from the urine of patients with nephrosis for com¬ 
parison with the present assay. They were prepared by chloroform extrac¬ 
tion of urine acidified to pH 1.5 immediately prior to extraction and stored 
in alcohol until assayed. Results obtained on these two extracts by Drs. 
Deming and Luetscher and by the present assay procedure are presented 
in Table 2. The extracts had marked sodium retaining effects in both assay 
procedures. Although some variation in the methods have been noted, re- 


TaBLB 2. SODIUM-HETAINING ACTIVITY OF TIVO URINARY EXTRACTS BY THE METHOD 

OF Deming and Luetscher and the present assay 


Subject 


Age of 
extract 


No. No. Urinary Na^^ Approx. DCA 

test rats control rats (% of controls)' equivs. (/jg.) 


Results obtained b3'' Deming and Luetscher^ 

2216 7.,3 

4401 6.2 

Results obtained in present assay 

2216 13.5 mos. 13 10 56.1 4.4 

4401 1.0 mos. 14 14 27.6 10.0 


' Na^' excretion of control animals was considered as 100%. Values under 100% indicate 
sodium-retention. DCA equivalents were taken from the curve obtained with DCA in 
absolute alcohol. 

^ Personal communication Dr. Q. B. Deming, November 6th, 1951. 


suits indicate that the order of sensitivity is within the same range in both 
methods. One extract, No. 4401, was more active in the assay described in 
this communication than it was in the laboratory of Deming and Luetscher 
(i.e. 10 jug. of DCA equivalents as compared with 6.2 /ig.). Extract No. 
2216 had less activity in the present assay than was observed by Deming 
and Luetscher (i.e., 4.3 /ig. of DCA equivalents as compared with 7.3 ^g.) 
but, since this extract was rather old when studied by the present method, 
this was not unexpected. 


DISCUSSION 

A method for the detection of sodium-retaining material, based on prin¬ 
ciples suggested by Dorfman et al. (1947), has been standardized as a 
method for the bio-assay of sodium-retaining substances in human urine. 
The assay procedure is similar to those recently developed by several 
groups of investigators, and has a similar range of sensitivity to those 
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methods employing adult rats (Deming and Luetscher, 1950; Kagawa, 
Shiple}'' and Meyer 1952; and Marcus, Romanoff and Pincus 1952) al¬ 
though it is slightly less sensitive than those methods employing mice 
(Spencer 1960) or young rats 30 to 40 gm. (Simpson and Tait 1952). The 
similarity of the present assay with that of Deming and Luetscher is fur¬ 
ther illustrated by the fact that two urinary extracts had similar sodium- 
retaining effects in their hands and in ours. 

In order to obtain reproducible results with DCA in the present assa}^, 
constant environmental conditions, weight of animals, pre and postopera¬ 
tive treatment as well as a constant procedure during the assay period were 
found to be essential. An important feature of this assay is that results 
must always be expressed in relation to control animals studied on the same 
day, as these do vary somewhat from day to day regardless of efforts to 
obtain constant conditions. All of the recently developed methods for the 
assay of substances affecting mineral metabolism stress the necessity of 
maintaining rigid conditions and most of them express results in relation 
to control animals studied on the same day (Simpson and Tait 1952, 
Kagawa et al., 1952) or in relation to values obtained in the same animals 
serving as controls (Spencer 1950, and adopted later by Luetscher and 
Deming 1951). It is apparent from the present study, as well as those of 
others, that the excretion of sodium in adrenalectomized animals is quite 
variable and that for Ijest results a group of at least eight animals should 
be used for each unknown. 

The fact that cortisone generally has a sodium excreting effect in the 
assay, compared with that of DCA, introduces some difficulty in the inter¬ 
pretation of negative results in assays of urinary extracts, since these ex¬ 
tracts also contain cortisone-like material. This effect of cortisone may have 
some bearing on the fact that a decreasing sodium-retaining effect is ob¬ 
served with increasing time-dosages, although the effect of other substances 
has not been ruled out. Until more highly purified extracts possessing a more 
consistent dose-response relation can be prepared, absolute results in uri¬ 
nary extracts must be evaluated with caution. 

With regard to the possible interfering effect of cortisone in the assay, it 
would appear that the use of the urinary Na"bUC- ratio, as described by 
Simpson and Tait (1952), may be useful in studying this effect. In their 
method, all the adrenal steroids tend to reduce the ratio in ^mying degrees. 
Thus, if a urinary extract contained both cortisone-like and “mineralocorti- 
coid” material, one might expect that the effects would not cancel each 
other out but would, in fact, be additive. This point has not, however, been 
investigated. The quantito’’ of cortisone-like material present in an extract 
could then be determined bj'- other means if one were interested in knowing 
whether a separate “mineralocorticoid” were present in the unknown. The 
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difference in the effect of cortisone in the present assay and that of Simp¬ 
son and Tait is probably related to the fact that these investigators study 
the change in the ratio of Na^-* to whereas the present method is based 
on the Na^-* excretion alone. It is quite possible that cortisone may increase 
the urinary excretion of both of these substances but that the effect on po¬ 
tassium may be slightly greater, resulting in the observed fall in the ratio. 
The short urine collection period (2 hours) plus the low salt load adminis¬ 
tered to the animals by these investigators may also have some bearing on 
the effects of cortisone in their assay. 

Since the chemical nature of the sodium-retaining factor in urine is not 
known, the reason for the apparent destruction of this material following 
“dry” storage cannot, at the moment, be ascertained. In this connection, it 
may be of interest that certain common molds can be used for the oxygena¬ 
tion of desoxycorticosterone, 17-hydroxy-ll-desoxycorticosterone and 
progesterone (Colingsworth, Brunner and Haines 1952, and Peterson and 
Murray 1952). If the sodium-retaining factor in urine is a desoxy com¬ 
pound of this type, it is possible that this kind of reaction ma}'- have been 
responsible for the lability of extracts whicli were stored in the “dry” state 
at room temperature. The fact that losses were considerably smaller after 
storage in absolute alcohol with refrigeration lends some support to the sug¬ 
gestion that the decrease in activity of urinary extracts may have been due 
to a microbiological agent. 


SUMMARY 

A method for the detection of small quantities of sodium-retaining ma¬ 
terial has been standardized and applied to the study of crude lipid ex¬ 
tracts of human urine. The method is based on the excretion of a dose of 
Na^^ by adrenalectomized animals in a 5 hour period. 

DCA had a sodium-retaining effect in the dosage range of 1 to 20 ng. per 
animal. A linear relation was observed between the log of the dose and the 
response. Significant sodium retention was obtained at the 2 ^g. dosage 
level and higher. 

Cortisone had mild to marked sodium-excreting effects which were not 
always reproducible, in the range of 1 to 52.5 Mg- A consistent dose-response 
relation was not observed. 

Urinary extracts could be stored for periods of at least 6 weeks without 
serious loss in activity if they were dissolved in alcohol, sealed in ampules 
and refrigerated until assayed. 

The sodium-retaining effect of two crude lipid extracts of urine were not 
significantly altered by dilute alkali and wmter washings. 

Dosage-response curves of two crude lipid urinary extracts indicated the 
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presence of interfering substances at the 20 minute level in one case and the 
30 minute level in the other. 
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EFFECT OF STIMULATION OF THE REPRODUCTIVE 
ORGANS OF THE COW ON THE RELEASE OF AN 
OXYTOCIN-LIKE SUBSTANCE 

R. L. HAYS AND N. L. VANDEMARK 

Department of Dairy Science, University of Illinois, Urbana, Illinois 

F or many years it has been recognized that there is a close association 
between the reproductive system and the mammary gland, however 
the physiological connection between the two has not been well defined. 
Several reports in the literature suggest that the ejection or “let-down" of 
milk'in the mammary gland can be caused by the stimulation of the repro¬ 
ductive organs. This is not entirely a neural connection since there can be 
an ejection of milk even wlien the efferent nerves to the mammary gland 
have been cut (Ingelbrecht, 1935; Ely and Petersen, 1941; Espe, 1947). 
Generally it is accepted that the principal cause of milk ejection in the in¬ 
tact animal is the action of oxytocin on the mammary gland. 

The purpose of this study was to determine the effect of stimulation of 
the reproductive organs of the co-w by artificial insemination techniques 
and natural mating on the release of oxytocin as measured by increased 
intramammary pressure. 


REVIEW OF LITERATURE 

Some evidence suggesting a relationship between stimulation of the re¬ 
productive organs and milk ejection is found in the work of Nuesch (1904). 
In a review of literature, he states that a publication in 1727 refers to a 
practice of the Hottentots of blowing air into the vagina to bring about 
milk ejection in the absence of the calf. Nuesch also states that the Skyths 
of India milked mares in a similar manner. He further states that the 
ejection of milk in the cow can be brought about by rinsing the vagina or 
uterus, blowing air into the vagina, or even the manual removal of after¬ 
birth. Tgetgel (1926) reported that manual manipulation of the uterus and 
ovaries of a cow caused milk ejection as did the presence of another cow in 
estrus. It has also been noted in our ivork that palpation of the uterus 
caused milk to drop from the teats. Hammond (1936) made the observa¬ 
tion that in lactating mares, milk often flows freely during mating. 
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METHODS AND MATERIALS 

The experimental animals were 17 non-pregnant cows which were in their first to 
eighth lactation and were producing 20-67 pounds of milk daily. The experiments were 
done 7-11 hours after milking to allow time for milk to accumulate in the udder. The 
intramammarj' pressure was measured by a water manometer connected to a teat 
cannula which was inserted into the teat or gland cistern. Readings were taken with the 
cows in the same position each time since the position of the legs in reference to the udder 
is an important factor in intramammary pressure. If there was an ejection of milk due to 
insertion of the test cannula, a period of 20-30 minutes was allowed to elapse so tliat the 
pressure would return to normal or near normal. 

In a preliminary study, 8 cows were tested at various times during the estrous cycle. 
Trials were made on 9 additional cows on the following daj^s of the cycle: 1, 2, 4, 12, 16, 
18, and 20 with the day of estrus being considered as day 1. The intramammary pressure 
was noted at one-minute intervals during massage of the vulva, massage of the cervix 
and cervical os through the rectal wall and during the insertion of a 7-S mm. glass in¬ 
seminating tube into the cervix. Also the pressure was noted at intervals after natural 
mating on the day of estrus. 

In order to prove that ox3'-tocin or an oxj'tocin-like factor was present in the blood 
after stimulation, three pairs of blood samples were assaj^ed with different excised cow 
uteri as test organs. The uterus was kept in a bath of Tyrode’s solution at 39° C. and 
perfused with Tyrode’s solution. To the perfusate was added samples of approximately 
250 CO. of blood, taken before and after stimulation of the vulva, cervix, and uterus bj' 
palpation. The motility was determined bj' inserting into the excised uterus a balloon 
which was connected to a tambour. The contractions were recorded bj" a kymograph. 

RESULTS 

In 99 trials on 16 cows the artificial insemination techniques caused an 
increase in intramammary pressure in 88% of the trials. An increase of 
1.5 cm. or more of water was considered a positive response. The trials 
which gave a positive response showed an average increase in pressure of 
8.0+ a standard error of the mean of 0.62 with a range of 1.5 to 31 cm. of 
water. Every cow gave a positive response in some or all of the trials. The 
results of the experiment on the 9 cows are shown in Table 1. The differ¬ 
ence due to cows was highly significant. The differences between responses 
on different days of the cycle were not significant. 

The increase in pressure following the different stimuli varied between 
cows and from time to time in the same cow. The response was caused by 
stimulation of the 3'Tilva, stimulation of the cervix by massage or stimu¬ 
lation of the cervix by the inseminating tube. In manj’’ trials the total re¬ 
sponse was due to a combination of tw'O or more of the aliove stimuli. In 
15 natural services 80% gave a positive response for an average increase in 
pressure of 4.5 cm. 

Blood taken before stimulation of the ^oilva and cervix by massage had 
no effect on uterine niotilitj’’ when perfused into the excised uterus. But 
perfusion of the three blood samples taken after stimulation caused the 
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(cortisone, s.c.) no thymic tissue could be found at autopsy. The adrenal 
weights of Group.2 averaged 39.7 gm., which was not significantlj'- differ¬ 
ent from the controls. The adrenals in Group 4 (cortisone, s.c.) weighed 
an average of only 15.2 mg., which is a highly significant difference from 
the adrenal weights of the controls. Cortisone had no effect on the weights 
of thyroid, ovary, uterus or hypophysis in either of the treated groups. 

In the second series of male animals, Group 5 served as a weight control 
for Group 6 (cortisone, i.p.) and Group 7 served as a control for Group 8 
(cortisone, s.c.). Again we found that Group 6 (cortisone, i.p.) gained an 
average of 33 gm. per rat per 40 days, which was not significantly different 
from the weight gain of the control group, whereas Group '8 (cortisone, 
s.c.) lost an average of 35 gm. per rat. The thymus and adrenal weights of 
Group 6 did not differ significantly from the controls, whereas there was 
no discernible thymic tissue in the animals of Group 8 (cortisone, s.c.) 
and the adrenals of this group were only 14 mg., compared to 33.8 mg. for 
the adrenal of the controls. Cortisone by either route of administration had 
no effect on the weights of the thyroid, testes, seminal vesicles, prostate or 
hypophysis. 

Histologically, cortisone administered s.c. produced marked atrophy of 
the fascicular and reticular zones of the adrenal cortex while the glomerular 
zones remained relatively intact. This occurred in both male and female 
animals. Representative sections from the adrenals of these female animals 
are reproduced in Figures 1-4. The changes produced by cortisone s.c. are 
similar to those reported by Creep and Deane (1949), Yoffey and Baxter 
(1949), and Stebbins (1950). Cortisone i.p., however, produced no signifi¬ 
cant change in the histology of the adrenal cortex. We found no significant 
changes in the histology of the thyroids, ovaries or testes of either cortisone 
treated groups. We were unable to find that injection of the diluent pro- 
^ duced any pathological changes in the endocrine organs of either sex. 

Explanation of Figs. 1-4 

Fig. 1. Adrenal of female rat No. 68 (Group 3) receiving 0.15 ml. of Cortone® 
diluent subcutaneously, daily for 48 days. The three zones of the cortex are of normal 
width. (XlOO) 

Fig. 2. Adrenal of female rat No. 58 (Group 4) receiving a total of 127.5 mg. of 
cortisone acetate subcutaneously over a period of 48 days. There is marked decrease 
in width of the cortex, due primarily to. a reduction of the zona fasciculata. It is not 
possible to clearly define the margins of the zona fasciculata and zona reticularis. A 
portion of medulla shows at the bottom of the picture. (X100) 

Fig. 3. Adrenal of female rat No. 82 (Group 2) receiving a total of 127.5 mg. of cor¬ 
tisone acetate intraperitoneally over a period of 48 days. Cortex of normal width with 
three distinct zones. (XlOO) 

Fig. 4. Adrenal of male rat No. 20 (Group 6) receiving a total of 150 mg. cortisone 
acetate intraperitoneally over a period of 40 days. Cortex of normal width with 3 dis¬ 
tinct zones (XlOO). 
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DISCUSSION 

From the above data it was' clear that cortisone administered intraperi- 
toneally to the rat produced neither cessation of growtli, thjTnic atropliy 
nor adrenal atrophy. There seemed to be several possibilities to explain 
this. First, the cortisone might not have been absorbed intraperitoneally. 
This did not seem likely since we were unable to find any unabsorbed ma¬ 
terial in the peritoneal cavity of the animals injected i.p., whereas despite 
the finding of a relatively large amount of unabsorbed material under the 
skin of the animals injected s.c., these animals showed marked effects. 
Second, the intraperitoneal cortisone might be inactivated in some fashion.. 
This was possible, but did not seem likely because of the known effective¬ 
ness of cortisone orally and the failure of the liver to inactivate the adreual 
hormones produced by the adrenal transplanted to the spleen (Bernstein, 
1950) or cortisone pellets placed directl}'- in the spleen (de Andino and 
Rivero-Fontan, 1951). Further, Mello (1949), showed increased liver gly¬ 
cogen deposition, increased survival and increased resistance to cold fol¬ 
lowing intraperitoneal administration of whole adrenal cortical extract to 
adrenalectomized rats, and Speirs (1951) has reported eosinopenia in ad- 
renalectomized mice following i.p. cortisone. There is little doubt, there¬ 
fore, that cortisone is not inactivated intraperitoneall 3 ^ Why does it not 
produce metabolic effects comparable to subcutaneously administered cor¬ 
tisone? The third possibility is that i.p. cortisone may be absorbed so 
rapidly that it does not maintain a blood level long enough or high enougli 
for maximum metabolic effects, such as growth inhibition or adrenal atro- 
phj''. Some basis for this thesis is found in the observation of Wilkins, et al. 
(1952) on the increased effectiveness of intramuscular over oral cortisone 
therapy in supressing adrenal function in congenital adrenal hyperplasia 
in children. It was therefore of importance to determine the intensity and 
duration of the effect of a single dose of cortisone administered s.c. and i.p. 
in rats. 

To test the effect of a single large dose of cortisone in the rat, a bioassay 
was devised utilizing the principle of the restoration of water diuresis in 
the adrenalectomized rat, as suggested by Eversole, Gaunt and Kendall 
(1942). The procedure was as follows: 15 female albino rats weighing 
150-160 gm. were adrenalectomized, divided into three groups of 5 animals 
each and maintained on a stock diet with 1% saline as drinking water. The 
assay was begun 3 days postoperatively. On the control day of the assay, 
the animals received a h 3 ^drating dose equal to 2.5% of their bodj^ weight 
of distilled water by stomach tube. Three hours later thej^ received a second 
dose of 5% of their body weight of distilled water by stomach tube. They 
were then placed in metabolism cages and the urine output recorded every 
30 minutes for three hours. On the day following the control run, at the 
time of the initial hydration (three hours before the measurement of their 
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diuretic response to a water load) one group of 5 animals received 3.75 
nig. of cortisone s.c., a second group of 5 animals received 3.75 mg. cortisone 
i.p., and the third group of 5 animals received 0.15 cc. saline s.c. The ani¬ 
mals were then given the same dose of water by bod}^ weight for the next 
four days and the urine output determined. No further cortisone was 
administered. All animals were maintained on 1% saline at night. the 
fifth daj’’ of water hydration the adrenaleetomized control animals had 
become quite ill, but both cortisone treated groups looked well. 

On each successive day following the administration of cortisone or 


Table 2. The effect of cortisone intraperitoneally and subcutaneously on the 

DIURETIC RATIO* IN ADRENALECTOMIZED RATS SUBJECTED TO A DAILY' WATER LOADf 


Hours after injection 

Untreated controls 

Cortisone s.c. 

Cortisone i.p. 

Control 

1.00 

1.00 

1.00 

3 

.594 

1.16 

3.42 

- 27 

.565 

1.25 

2.00 

51 

.189 

1.10 

1.15 

75 

.087 

2.18 

1.13 

99 > 

0 

1.06 

.68 


Mean 90 min urine output given period 

* Diuretic Ratio --=-;- 

Mean 90 min urine output control period 
t See te.xt for details. 

saline, the total urine output per animal per 90 minute period, corrected 
for the weight of the animal, was divided by the output during the control 
period to obtain a “Diuretic Ratio” as follows: 

Mean 90 minute urine output given period . . 

rT————^----—-X—: = Diuretic Ratio. 

Mean 90 minute urine output control period 

A Diuretic Ratio greater than 1 means a 90 minute diuresis greater than 
that during the control period, whereas a Diuretic Ratio of less than 1 
means a diuresis less than during the control period. 

The results of this study are shown in Table 2 and Figure 5. The un¬ 
treated adrenaleetomized animals put out less and less urine following 
repeated hydrations until at 99 hours the Diuretic Ratio fell to zero. 
The animals which received cortisone i.p. responded to a water load 3 
hours after receiving cortisone with a large diuresis, so that the Diuretic 
Ratio at 3 hours after the injection rose to 3.42. Thereafter, the Diuretic 
Ratio fell slowly to about 0.7 at 99 hours. The animals which received 
cortisone s.c. maintained a constant Diuretic Ratio about 1 (i.e., the 90 
minute urine output remained equal to the control da}”- of the untreated 
adrenaleetomized animals) until 75 hours when the Diuretic Ratio rose to 
2.2, after which it fell at 99 hours to about 1. 

These data would suggest that cortisone i.p. has an immediate effect on 
the restoration of water diuresis in the adrenaleetomized rat. This effect 
is maximal on the da}! of injection, and gradually diminishes over the next 



644 


GREENSPAN, GIFFORD AND DEMING 


Vohmc 52 



Fig. 5. The duration of effect of a single dose of cortisone, given intraperitoneally or 
subcutaneously, on the promotion of water diuresis in the adrenalectomized rat. (See 
text for details.) 


four days. Cortisone s.c. had a slight effect for the first 3 days, but reached 
a maximum effect on day 4, after which the effect diminishes. Thus, there 
is no doubt that intraperitoneal cortisone has a definite and marked corti- 
coid effect, as measured by this technique, and this effect is quicker, 
more intense, and of shorter duration than that produced by the same 
dose of cortisone given s.c. This is all the more remarkable since, other 
corticoid effects such as growth inhibition, thymic atrophy and adrenal 
atrophy, as shown above, were not produced by intraperitoneally injected 
cortisone. 

It would seem that in order to obtain maximum metabolic effects of 
crystalline cortisone acetate, a continuous high level must be maintained, 
such as might be expected from the continuous absorption of steroid from 
a subcutaneous depot. On the other hand, when intermittent high levels 
are induced, as with cortisone injected intraperitoneally, individual 
metabolic effects may be noted, such as the restoration of water diuresis 
in the adrenalectomized animal, but other effects, such as growth inhibi¬ 
tion and adrenal atrophy may be absent. 

SUMMARY 

Cortisone acetate was administered intraperitoneally and subcutane¬ 
ously to adult male and female rats in doses of 1.25 to 3.75 mg. daily for 
periods of 40 to 48 days. Subcutaneously administered cortisone acetate 
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produced the expected body weight loss, and atrophy of the thjnnus and 
adrenal cortex. The same dosage of cortisone acetate intraperitonealty 
did not cause weight loss, and produced no adrenal or thymic atrophy. 
The duration of effect of a single dose of cortisone was then studied by 
following the urine output of adrenalectomized rats subjected to a daily 
water load. It was found that intraperitoneal cortisone acetate had an 
immediate and rapid effect on. the restoration of water diuresis in the water- 
loaded adrenalectomized rat, whereas subcutaneous cortisone acetate had 
a slower and more prolonged effect. The data suggest that certain effects 
of cortisone acetate, such as loss in body weight and atrophy of the thymus 
and adrenal cortex, may require a sustained corticoid level, as may be 
produced by subcutaneous administration of the drug. Other metabolic 
effects, such as the restoration of w'ater diuresis in the adrenalectomized 
water-loaded rat, occur rapidly following intraperitoneal administration 
of cortisone acetate, but, perhaps because of the shorter duration of the 
effective corticoid level, there is no inhibition of growth or production of 
adrenocortical atrophy. 
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THE EFFECT OF PROLONGED LOCAL TREATMENT 
WITH ADRENOCORTICAL AND SEX STEROIDS 
ON THE INTRADERMAL SPREADING ACTION 

OF HYALURONIDASE'-^ 

MARK A. HAYES' 

Department of Surgery, University of Michigan Medical School, Ann Arbor, Michigan 

T he inhibition of hyaliironidase activity as it affects the dermal 
spreading of an indicator substance by an acutely elevated blood 
level of either endogenously or exogenously supplied adrenocortical ster¬ 
oids (Opsahl, 1949 a,b,c; Winter and Flataker, 1950; Seifter, Baeder and 
Begany, 1949; Seifter et al., 1950; Seifter, Baeder and Dervinis, 1949) has 
been confirmed (Hayes and Baker, 1951). Prolonged local application of 
whole adrenocortical extract, however, produced an accentuation in the 
activity of and an alteration in the pattern of spreading by the enzyme 
hyaluronidase (Hayes, Reed and Baker, 1950) when changes in area of 
spreading are measured as a function of time (Hayes and Reed, 1950). 
The change in enzyme activity was limited to the exact area of treatment 
and no systemic effect could be detected by this test. Employing pure 
crystalline steroids, Hayes and Bridgman (1951) reported that the pro¬ 
longed local application of ll-dehydro-l7-hydroxycorticosterone and des- 
oxycorticosterone duplicated the results obtained with the prolonged 
local application of whole adrenocortical extract (Hayes, Reed and Baker, 
1950). Progesterone, on the other hand, produced an accentuated spread¬ 
ing effect but with a different pattern of actiHty, quite unlike that ob¬ 
tained with adrenocortical extract or the adrenocortical steroids (Hayes 
and Bridgman, 1951). This report deals with an extension of these studies 
as related to specific pure crystalline steroids. 

MATERIALS AND METHODS 

The free alcoholic steroids selected for investigation were 17-h3Tlrox3'co2‘ticosterone 
(compound F),'* corticosterone (compound B),'' estradioP and testosterone.^ These sub- 
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stances were dissolved in absolute eth}’! alcohol at a concentration of 1 mg./cc. 

Thirt 3 '-six litter mate male rats of the Long-Evans strain in the initial weight range 
of 200 + 50 gm. were used, kept in individual cages and fed a standard laboratorj^ diet 
ad libitum. There were 6 animals in each of the 4 experimental groups; one group for 
each hormone. For 6 months 0.1 cc. of each of the steroid solutions was applied dailj' to 
the dorsal cervical region just caudal to the right ear of each of 6 animals. Twelve con¬ 
trol animals were treated similarlj’- but with onlj"^ the solvent, absolute alcohol, in the 
same manner. The area of treatment in all animals was approximatelj' 10 sq. cm. In all 5 
groups (control plus experimental) the left side of each animal was left untreated. Bod,v 
weights were determined and regrown hair on the neck was clipped at weekh’ intervals 
after hair growth patterns had been recorded (Butcher, 1934). The technic emplo 3 ’ed 
for stud 3 " of the spreading action of h 3 mluronidase has been described in detail b 3 ' Ha 3 ’es 
and Reed (1950). The hair was clipped closel 3 ' from the proposed injection sites on the 
dorsum of the neck and the animals were secured loosel 3 ' for constanc 3 ^ of position. The 
animals were quieted b 3 ' the subcutaneous injection of 0.3 cc. of a veterinar 3 ' solution of 
sodium pentobarbital (6.5% solution) and were anesthetized lightl 3 ’- with ether onl 3 - 
for the duration of the initial injection. The indicator emplo 3 'ed was an isotonic solution 
of hemoblogin. The final injection quantit 3 ’^ was 0.05 cc. containing 25 units of h 3 -aluroni- 
dase.'* The rate of injection was 0.01 cc./5 sec. 

The manipulations of the injection procedure were controlled carefull 3 - and the in- 
tradermal injections were made in comparable sites on each side of the dorsal cervical 
midline, that is on the treated and untreated side of each animal. 

Measurements were made of the length and width of the ellipsoidal area of spread. 
The first measurement, which was made at the termination of the injection, was taken 
as a baseline. Then, observations were made ever 3 ' minute for 15 minutes; ever 3 ^ 5 
minutes through 30 minutes; every 10 minutes through one hour and every 15 minutes 
through 2 hours. The increase in area for each time interval over that of the initial in¬ 
jection area was calculated, the arithmetic means were plotted using the ordinate as the 
increase in area of spread over the initial area in sq. mm. and the abscissa as the log¬ 
arithm of the time in seconds. 


OBSERVATIONS 

Though no attempt at controlling food intake 3vas made, it is significant 
that the control group mean iveight gain over the period of study ivas 189 
gm.; the compound F group mean Aveight gain was 184 gm.; the compound 
B group mean AA^eight gain AA^as 181 gm.; the testosterone group mean 
Aveight gain Avas 186 gm.; but, the estrogen group mean weight gain Avas 
only IS gm. Of all the obserA^ations of spreading actmty measured, 87% 
fell AAuthin a range of 4 sq. mm. of the plotted mean. There Avas no signi¬ 
ficant difference betAA^een observations made on the untreated and on the 
A’^ehicle treated sides of the control animals. The results of the control 
tests are graphed as the X curA^e in all the accompanying illustrations. The 
effect of prolonged local treatment with testosterone and corticosterone 


* The estradiol and testosterone in free alcoholic form were supplied generouslv bv 
Ciba Pharmaceutical Products of Summit, New Jerse 3 '. 
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Fig. 1. Effects of the Chronic Local Administration of Testosterone. X is the control 
(see text). There is no significant difference between the treated and the untreated sides 
or either side and the controls. 


AREA 

INCREASE 



Fig. 2. Effects of the Chronic Local Administration of Corticosterone. X is the con¬ 
trol (see text). There is no significant difference between the treated and the untreated 
sides or either side and the control. 
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on the usual pattern® of liyaluronidase intradermal spreading of a hemo¬ 
globin solution is well demonstrated in Figures 1 and 2. There is no sig¬ 
nificant alteration in either the pattern or extent of the spreading action. 
Figure 3 demonstrates the alteration in spreading caused by the prolonged 



Fig. 3. Effects of the Chronic Local Administration of Estrogen. X is the control 
(see text). There is no alteration in the pattern of spreading but there is a very marked 
accentuation in rate of spreading in the rapid phase. There is no significant difference be¬ 
tween treated and untreated sides, indicating a profound systemic effect. 

local administration of estrogen. That there is a potent systemic effect is 
apparent since there appears to be no difference between the treated and 
untreated sides. In addition, the principal effect appears to be on the rapid 
phase of spreading and is comparable to the effect after similar treatment 
with progesterone (Hayes and Bridgman, 1951). 

In sharp contrast are the results obtained after the prolonged local ap¬ 
plication of 17-hych'oxycorticosterone (Fig. 4). The slow phase of spread¬ 
ing is almost completel}^ abolished and there is increased rate of spreading 
in the rapid phase. 

' All spre.'iding activity is composed of two phases: an early slow phase followed bj- a 
late or rapid phase. Such a sequence is named pattern of spreading. 
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Fig. 4. Effects of tlie Chronic Local Administration of IT-hydroxj'Corticosterone. 
X is the control (see text). There is no significant difference between the control and the 
untreated side of the experimental animals. The treated side demonstrates an accentua¬ 
tion of spreading activitj' and a definite alteration in pattern of spreading, characterized 
principally bj' a change in the slow phase of spreading. 

DISCUSSION 

In this investigation prolonged local treatment with corticosterone or 
testosterone produced no alteration in the extent, rate or pattern of spread¬ 
ing. Prolonged estrogen local treatment resulted in a marked systemic re¬ 
sponse evidenced by growth inhibition and a striking alteration in rate of 
spreading; it is significant that there was no great alteration in the pat¬ 
tern of spreading. The use of IT-hj'^droxycorticosterone resulted in an al¬ 
teration of rate and of pattern of spreading which has been reported to be 
characteristic with whole adrenocortical extract, whether applied locally 
for a prolonged period (Hayes, Reed and Baker, 1950) or given systemi- 
cally in a chronic experiment (Hayes and Baker, 1951). 

When the spread of an indicator without enzyme was studied in locally 
pretreated skin, no essential change in tlie manner or extent of spreading 
activity was observed (Hayes, Reed and Baker, 1950). This finding would 
exclude the thinness of the skin which exists under tliese conditions 
(Baker and Whitaker, 1948; Castor and Baker, 1950) as being the cause 
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of tlie accelerated rate of spread. It-is only reasonable to conclude, then, 
that such prolonged treatment with adrenocortical stei-oids alters the 
substrate, ground substance, in an unknown fashion rendering it more 
susceptible to enz 3 '^matic hydrolysis. It is of considerable significance that 
the ability to alter the slow phase of spreading appears to be a characteris¬ 
tic of only certain steroid hormones ivith an adrenocortical origin. 

SUMMARY 

Prolonged local application of corticosterone or testosterone does not 
influence the spreading action of hyaluronidase. Similar treatment with 
estrogen produces a profound systemic effect and accentuates hj^aluroni- 
dase spreading, but only on the rapid phase. On the contrary, IT-hj’-drox}^- 
corticosterone produces an effect restricted to the area of treatment char¬ 
acteristic of adrenocortical steroids: accentuated rate of spreading and 
nearly complete abolition of the slow phase. 
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THE EFFECT OF HYPOPHYSECTOMY ON THE 
REGENERATION OP THE LIVER AFTER 
PARTIAL HEPATECTOMY IN DOGS 
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JOHN H. GRINDLAY 

Mmjo Foundation, University of Minnesota, Rochester, Minnesota 

R egeneration of the remaining portion of the liver after partial 
hepatectomy in the dog is rapid and complete within five to eight 
weeks (Mann, 1927; Fishback, 1929; Bollman and Mann, 1936; Grindlay 
and Bollman, 1952). Hypophysectomy was found to have little effect on 
regeneration of the liver in the albino rat if such factors as body growth 
and intake of food were considered. Franseen and co-workers (1938) and 
Higgins and Anderson (1931) and Higgins and Ingle (1939) came to the 
same conclusion, namely, that the retarded restoration of the remaining 
portion of the liver after the removal of the hypophysial body was largely 
if not entirely due to reduction in the amount of food consumed by the 
hypophysectomized rat. Canzanelli and associates (1949), in a more re¬ 
cent study, found great diminution in regeneration and content of nucleic 
acid of the liver after partial hepatectomy and hypophysectomy. 

Because data on the effect of hypophysectomy on regeneration of liver 
in dogs were not found in the literature and because hypophysectomy af¬ 
fects very little the amount of food consumed by the dog, it was deemed 
desirable to study regeneration of the liver in dogs after hypophysectomy. 

METHODS 

Six adult dogs, apparentl}'^ healthy and weighing from 7 to 12 kg., were used. 

The pituitaiy body was removed by the transbuccal approach according to a modi¬ 
fication of McLean’s procedure (McLean, 1928; Essex and Astarabadi, 1952). The opera¬ 
tion was considered successful when tissue characteristic of adenohypophysis (pars 
distalis) was not seen after thorough examination of a series of sections taken from the 
tissue remnant in the sella turcica at the end of the experiment. According to the criteria 
used only 3 dogs of the series of 6 were found to have had complete hypophysectomies. 

Partial hepatectomy was carried out according to the method published elsewhere 
(Grindlay and Bollman, 1952). By this method about 70% of the liver was removed. 
Partial hepatectomj^ was done ten to twelve days after removal of the hypophysis 
cerebri. 

The resected portion of the liver was weighed after the blood had drained out. 

Received for publication January 10, 1953. 
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Dextrose (50 gm. in 100 cc. of physiologic saline solution) was administered intrave¬ 
nously immediately before and 2 to 4 hours after partial hepatectomj\ This was repeated 
twice daily until the dog resumed eating. It was found necessary to do this in order to 
prevent fatal hypoglycemia in the successfully hypophysectomized dogs. 

The experiment was terminated by anesthetizing the dog, removing the remaining 
portion of the liver and weighing it in the same way as the portion removed at operation. 

The amount of restoration was estimated bj'- subtracting the calculated weight of the 
original remnant (which is 30% of the calculated weight of the whole liver or f of the 
portion removed at operation) from the weight of the portion of the liver which remained 
at necropsy. To express the amount of restoration in per cent, the result of the subtrac¬ 
tion was divided by the weight of the original remnant and multiplied by 100. 

RESULTS 

A significant difference was not found between the restored livers of the 
nonhypophysectomized dogs and those of the dogs which had a part or 
all of their adenohypophyses removed (Table 1). 


Table 1. Hepatic restoration after hypophtsectomy 

AND PARTIAL HEPATECT05IY 


Number 

Body weight 

Liver weight, gm. 

Per cent 

Days 

after 

hepatec- 

tomy 

Conditions 

and 

sex 

Initial 


Re¬ 

moved 

Final 

restora¬ 

tion 

of adeno¬ 
hypophysis* 

1 F 

.9.6 

8.5 

178 

145 

90 

36 

Absent 

2 M 

7 

7.5 

148 

130 

106 

36 

Absent 

3 Mt 

12 

11.5 

140 

200 

233 

47 

Absent 

Mean 

9.5 

9.2 

152 

146 

143 

39 


4 M 


8.5 


M 

150 

47 

Partially 

regenerated 

5 M 


11 



202 

50 

Intact 

6 M 

12 

12 



243 

50 

Regenerated 

Mean 

10.8 

10.5 

203 


198 

49 



* As revealed by histologic study of a series of sections from the tissue “remnant.” 
t Castrated. 


Grossly, the restored livers looked the same in the two groups of ani¬ 
mals. They were thick with rounded edges, showing conspicuous reticula¬ 
tion and firm consistency. The color of the livers, however, in the success¬ 
fully hypophysectomized dogs was bright red, resembling the color of ar¬ 
terial blood or blood which had been saturated with ox 5 '-gen, in contrast 
to the dark-red livers of the control dogs. 

Histologic preparations of livers of control and hypophysectomized ani¬ 
mals did not show any differences. The sections were cut ten microns in 
tliickness and stained with hematoxylin and eosin. 

The pancreas was decidedly pink in the hypoph 5 '’sectomized dogs as 
compared to the creamy color of the normal pancreas. This pinkish hue of 
the pancreas was reported by Sweet and Allen (1913) in hj^pophysecto- 
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mized dogs and by Mann and Drips (1915) in adrenalectomized dogs. 

It has been found that hypophysectomized dogs do not tolerate well pre¬ 
operative fasting for 24 to 48 hours. A number of animals under investi¬ 
gation died in hypoglycemic coma when fasted for 24 hours. Whether 
fasting per se or the combination of fasting and the removal of 70 per cent of 
the liver was i-esponsihle for the fatal hypoglycemia, remains undeter¬ 
mined. Values for blood sugar as low as IS" mg. per 100 cc. of blood have 
been found in hypophysectomized dogs fasted for 24 to 48 hours. 

COMMENT 

The data obtained from the successfully hypophysectomized dogs in¬ 
dicated that the remaining portion of the liver may be regenerated in 
about 40 days to more than 140% of the calculated control weight in re¬ 
sponse to the removal of 70% of its mass. In other words, the 30% of 
liver remaining after partial hepatectomy will grow and after 40 days will 
weigh as much as the original liver. These findings are in accord with the 
work done on rats, in which forced feeding of hypophysectomized rats re¬ 
sulted in restoring the weight of the liver to normal both with and with¬ 
out partial hepatectomy (Franseen and co-workers, 1938; Levin, 1944; 
McQueen-Williams and Thompson 1939-1940). Therefore the reduction in 
the weight of-tlie liver which follows hypophysectomy is secondary to the 
decreased amount of food tliat is consumed by the hypophysectomized rat 
and is not caused primarily by the absence of a “specific splanchnotrophic” 
hormone of the pituitary body. That such a specific interdependence does 
not exist between tlie pituitary body and the liver in the dog is definitely 
shown by the results of this study. 

The hypoglycemia which caused the death of many of the hypophysec¬ 
tomized dogs at the beginning of the investigation deserves comment. In a 
normal dog, removal of 70% of the liver is usually followed by rapid and 
uneventful recovery (Grindlay and Bollman, 1952). On the other hand, a 
hj'^pophysectomized dog after removal of 70% of the liver has been found 
to manifest severe symptoms of hypoglycemia, namely, profuse salivation, 
weakness, generalized muscular twitching, and finally, if sufficient glucose 
is not given, convulsions, coma and death. The striking similarity of the 
symptoms just described to those of dogs after complete hepatectomy is 
recognized. In this respect hypophysectomy can be considered to have a 
decidedly adverse effect on the concentration of glucose in the blood after 
partial hepatectomj\ Fasting for as brief a period as 24 hours likewise 
may, in certain instances, reduce the concentration of glucose in the blood 
of the hypophysectomized animal to a level incompatible with life. It is 
not surprising that the hypoglycemia of the hypophysectomized dog has 
been found to be greatly aggravated by partial hepatectomy. 

It is possible that in the absence of the hypophysis cerebri, the change 
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of the glycogen in the liA^er to the glucose in the blood is held in abej^ance 
or is abolished altogether or the amount of glycogen which is contained 
in the residual portion of the liver after partial hepatectomy may not be 
enough to maintain the normal level of glucose in the blood. It is highlj’- 
probable that in the absence of the hypoph 3 'sis, the glucose of the blood is 
chiefly derived from the carbohydrate of the diet rather than from hepatic 
stores of gljmogen. Severe hypogljmemia was not seen after partial hepa- 
teetomy if the dog had resumed eating. If the animals did not eat the 
food, glucose had to be given parenterallj’-, or a fatal outcome was in¬ 
evitable. 

An adequate explanation for the intriguing colors of both the liver and 
pancreas of the h 5 '^poph 3 ’’sectomized dogs cannot be given at present, but 
it seems questionable that they are produced entirelj’' bj^ changes in the 
state of the blood vessels of these organs. 

SUMMARY AND CONCLUSIONS 

The effect of hj'^pophysectomj'' on regeneration of the liver after partial 
hepatectomj’’ was studied in dogs, and it has been found that the absence 
of the h 3 ’’pophj'-sis cerebri does not seem to interfere with regeneration of 
the liver. 

Severe and sometimes fatal iD'-pogljmemia de^^eloped in a few of the com¬ 
pletely hj’-pophj’^sectomized dogs after fasting. It was hastened and ag¬ 
gravated by partial removal of the liver. 

Changes in the color of the liver and pancreas have been noticed in 
hypoplij’-sectomized dogs. 
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M arked lymphatic tissue involution has been demonstrated under 
conditions of inanition, irradiation and chronic treatment with ad¬ 
renocortical hormones. Starvation provides certain unique advantages 
for the investigation of adrenocortically mediated acute lymphatic tissue 
involution. It is now known that: (1) loss of lymphatic tissue weight dur¬ 
ing a period of inanition begins earlier and proceeds at a more rapid rate 
than that of other body tissues (Jolly, 1914) and, (2) the rate of release of 
nitrogen from lymphatic tissue in the starved animal is under adrenocorti¬ 
cal hormone control (White and Dougherty, 1947). 

Although there is an extensive amount of literature on the involution of 
lymphatic tissue produced by inanition, little is known concerning its re¬ 
constitution. A series of experiments was designed to compare the in¬ 
fluences of fasting and refeeding on lymphatic tissue of intact and adre- 
nalectomized mice. 


MATERIALS AND METHODS 

A total of 515 CBA mice of both sexes between 12 and 16 weeks of age was used in 
these experiments. Animals were kept at constant temperatures and segregated accord¬ 
ing to sex. All mice that were fed were given dog chow (Purina) and water ad libitum. 
Fasted mice were kept in individual containers with screen bottoms to prevent co- 
prophagJ^ 

The control group consisted of 150 intact-fed mice. The experimental animals were 
divided into fasted and^refed groups. The fasted animals studied were; (1) Intact mice 
fasted; different groups were killed at 24, 48, 72 and 96 hours. (2) Intact mice fasted 48 
hours, then adrenalectomized and fasting continued. Groups of these starved, adrenalec- 
tomized animals were killed at 6, 12, 24 and 48 hours after operation. 

Refed animals included; (1) Intact mice fasted 96 hours and refed for a period of 16 
da 3 "s, during which time groups of animals were killed on successive daj's. (2) Intact mice 
fasted 96 hours, adrenalectomized and refed for a period of 8 days. Groups of animals 
were killed at refeeding intervals of 2 days. 

All animals were weighed at the beginning of the experiment and at the time of kill. 

Received for publication January 14, 1953. 

1 This work was supported by a Grant-in-Aid from the American Cancer Society 
upon recommendation of the Committee on Growth of the National Research Council, 
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Table 1. Mg. lymphatic tissue peh 100 gms. final body weight of intact 
■ AND ADKENALECTOMIZED-FASTED MICE 


Hours of 
fast 


Intact 

fasted 


Fasted 

adrenect* 


Intact 

fasted 


Fasted 

adrenect* 



Total lymphatic organ sample 

Thymus 


0 

356 ±llt 

172 + 7.5 


24 

329.6+22 

166.9 + 10.1 


48 

174.3+14.5 

72.0+ 9.6 


54 

— 258.0+14.0 

— 120.0 + 10.8 

60 

— 218.6±23.8 

— 89.3 + 12.4 

72 

178.0±10 226.0+14.9 

63.2+6.8 90.0 + 

8.8 

96 

134 +12 1S4.0±12.6 

31.2±2.3 59.2 + 

5.4 


Spleen 

Mesenteric node 


0 

330 +14.6 

128 +10 


24 

231.9 + 16.7 

119.8 + 11.4 


48 

160.0+ 8.9 

68.5+ 3.6 


54 

— 218.0+ 9.9 

— 102.0 + 

9.0 

60 

— 193.0+ 7.2 

— 95.8 + 

9.4 

72 

142.2 + 10.4 221.0+14.6 

83.2+6.6 94.0 + 

6.0 

96 

112.7+ 8.3 184.0±11.6 

87.5+9.6 87.0± 

6.2 


Inguinal nodes 

Axillary nodes 


0 

28.5+ 2.8 

27.5+ 2.5 


24 

21.3+ 1.1 

21.6+ 1.3 


48 

18.0+ 2.1 

15.8+ 2.2 


54 

— 18.8+ 1.8 

— 17.4 + 

1.4 

60 

— 17.7+ 1.7 

— 15.6 + 

1.4 

72 

15.4+ 1.2 21.8+ 2.3 

15.2 + 1.3 19.9± 

2.1 

96 

8.0+ 0.6 18.5+ 1.5 

7.4 + 0.5 19.3 + 

1.5 


* Adrenalectomized after 48 hours fast and continued to fast. _ 
t 0, 24, and 48-hour weights for both intact and adrenalectomized groups. 


The l 3 "mphatic organs examined were paired inguinal, axillarj' and cervical nodes, thj’-- 
mus, mesenteric node and spleen. These organs were dissected free of connective tissue 
and weighed by means of a torsion balance. Both the individual Ijmiphatic organ weights 
and the weight of the pooled Ij^mphatic organs were obtained for each animal. The 
weights of the aggregates of IjTOphatic organs do not include the spleen and are referred 
to as the total lymphatic organ sample. Nitrogen determinations, however, were per¬ 
formed on the pooled total Ij-mphatic organ samples and included the spleens. Nitrogen 
content was determined bj" semi-micro Kjeldahl analj'sis and is expressed as mgs. of 
nitrogen/gm. of l 3 'mphatic tissue. 

Bilateral adrenalectom 3 ' was performed under ether anesthesia b 3 " the usual dorsal 
approach. Tail blood was used for all leucoc 3 ’-te counts. Differential blood counts of 200 
cells were done on films stained with Ma 3 ’^-Grunwald Giemsa. L 3 'mphatic organs (spleens, 
mesenteric nodes, th 3 mii) from intact-fed, intact-fasted, and fasted-adrenalectomized 
mice were fixed in Zenker’s solution and stained with meth 3 'l-green pyronin for histo¬ 
logical stud 3 L Mitotic indices^ were calculated b 3 '^ counting the number of mitotic figures 
per thousand cells in areas of the same cellular densit 3 '. 

Organs weights of refed mice were expressed in terms of 100 gm. of bod 3 ' weight of 
control-intacUfed mice of the same age and sex as the experimental animals at time of 
kill. Organ weights of fasted animals were expressed in terms of 100 gm. of final body 
weight of the experimental animal. 

■ The authors wish to thank Mr. Gottlieb Schneebeli for his expert histological prepa¬ 
rations and his aid in performing the mitotic indices. 
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RESULTS 

Effect of fasting on lymphatic tissue of intact mice. It may be seen from 
Table 1 and Figure 1 that the weights of the total lymphatic tissue sample 
decreased rapidly during starvation. After a 96-hour fast the total lym¬ 
phatic tissue sample had lost 63% of its initial weight as compared to a 
32% loss of body weight. The maximum decrement occurred between 24 



DAYS OF DAYS OF REFEEDING 

FASTING 

Fig. 1. Per cent weight changes of total lymphatic tissue weights and body weights 
of intact mice fasted 4 daj’S and refed 16 days and of intact mice fasted 4 days, ad- 
renalectomized and refed 8 da 3 ^s. 

and 48 hours whereas the body lost weight at a fairly constant rate during 
the entire starvation period (Fig. 1). 

The responses of individual lymphatic organs to fasting are recorded in 
Table 1. Individual lymphatic organs differed in degree and rate of weight 
loss. The thymus proved to be the most sensitive lymphatic organ to in¬ 
anition. It lost 66% of its initial weight by 48 hours and 83% by the end 
of the fasting period (Fig. 2). The spleen lost 66% of its initial weight by 
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Fig. 2. Relative thj’-mus weights of intact mice fasted 4 days and refed )6 days and 
of intact mice fasted 4 days, adrenalectomized and refed 8 days. Fasting weights ex¬ 
pressed in mg. lymphatic tissue/100 gm. final body weight of experimental animal. 
Refed weights expressed in mg. Ij'mphatic tissue/100 gm. bodj’ weight of intact-fed 
mice of the same age and sex as experimental mice. 


Table 2. Influence of fasting, adrenalectomy and refebdinc. on 

ABSOLUTE NUiMBEBS OF LEUCOCYTES 


Groups 

Number 

of 

animals 

Time of 
fasting or 
refeeding 

W.B.C.. 
thousands 
per emm. 

Lymphocj'tes, 
thousands 
per cmm. 

Polymorpho- 
nuclears, 
thousands 
per cmm. 

Eosinophils 
per cmm. 

Intact controls 




Mean S.E. 

Mean S.E. 

Mean 

S.E. 

150 

— 

12.6±0.3 

8.6±0.3 

3, 

,9±0.1 

117± 

8.0 

Intact fasted 

10 


lG.7 + 1.9 

8.5+1.2 

8. 

1 ±2.5 

101 ± 

37.0 


19 

48 hrs. 

13.9 + 0.9 

5.4+1.0 

8. 

6±0.8 

34 ± 

14.0 


10 

72 hrs. 

lO.C+1.1 

3.1 +0.4 

7. 

G+1.2 

0± 

11 


28 

96 hrs. 

11.3±1.0 

5.2±0.7 

G, 

.1 ±0.6 

28 ± 

Adrenalectomized 

. 14 


21.5+1.9 

14.4+4.2 

6, 

.2 + 0.9 

299 + 

69 

fasted* 

9 


23.0 + 2.5 

19.6 + 2 1 

4. 

.0 + 0.8 

15± 

15 


9 

72 hrs. 

17.1 + 1.9 

14.8 + 2.3 

2. 

.3 + 0.4 

28 + 

19 


13 

96 hrs. 

24.1±7.1 

17.1 ±3.6 

7 

.0±1.2 

43 ± 

20 

Intact refedt 

10 

10 

1 day 

13.0+1.4 
11.4 + 0.8 

5.8+1.3 

4.4 + 0.7 

c' 

1±1.1 

.9±0.9 

50 ± 
30 + 

40 

20 


10 


14.8+1.4 

lO.o+l.l 

4 

.3 + 0.5 

20 ± 

20 


12 

8 daj’s 

20.6±1.1 

14.3± 1.3 

6. 

,1 ±1.3 

lot) ± 

45 


10 

12 days 

12.4+1.3 

8.0 + 0.S 

4 

.3 + 1.2 

80 + 

45 


5 

16 days 

20.1±2.7 

11.9±1.0 

4 

.9±0.9 

200 ± 

25 

Adrenalectomized 

13 


15.8 + 2.5 

11.9+0.6 

3 

.8 + 0.5 

79 ± 

34 

refedt 

9 


16.0 + 2.5 

10.5+1.4 

4 

.9±0.6 

104 ± 

37 


8 


20.3 + 2.2 

11.6 + 1.1 

8 

.3 + 1.2 

463 ± 

119 


G 

8 days 

18.7 + 2.2 

12.7 + 2.2 

4 

.5±0.G 

1285 ± 

43S 


* AdrcnaJectoniiEcd foIIowinK a 48-hour fast and continued to fast. 
I Freviously fasted 9G hours, 
t Adrcnalcctoniized following a 9G-hour fast. 
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96 hours (Fig. 3). The mesenteric node lost 48% of its weight by 48 hours 
but then gained so that by 96 hours only a 31% weight loss was evident 
(Fig. 4). Inguinal and axillary nodes began to lose weight during the second 
day and had lost 64% of their initial weight by the end of the fasting pe¬ 
riod (Fig. 5). 

The ratio of nitrogen content per unit weight of lymphatic tissue re¬ 
mained constant during the entire fasting period (Fig. 6). 

There was no significant change in the total leucocyte count during 
fasting. A polymorphonuclear leucocytosis was found at all time inter- 



Fig. 3. Relative spleen weights of intact mice fasted 4 da 3 ^s and refed 16 days and of 
intact mice fasted 4 daj^s, adrenalectomized and refed 8 da 3 ^s. Fasting weights expressed 
in mg. b^mphatic tissue/100 gm. final bod 3 ' weight of experimental animal. Refed 
weights expressed in mg. bmiphatic tissue/100 gm. bod 3 " weight of intact-fed mice of the 
same age and sex as experimental mice. 

' vals. A lymphopenia and eosinopenia occurred by 48 hours of fast and per¬ 
sisted throughout the fasting period (Fig. 7, Table 2). 

Effect of adrenalectomy on lymphatic tissue of fasted mice. As seen in Table 
1 and Figure 8, adrenalectomy after 48 hours of fast arrested the involu¬ 
tion of lymphatic tissue. In fact, 6 hours after operation an actual increase 
in lymphatic tissue weight 3vas observed. Although 12 hours after opera¬ 
tion (72 hours of fast) the total lymphatic tissue again began to lose 
weight, the loss of weight 3 vas still not as great as that of the intact ani¬ 
mals by the end of the fasting period. Individual lymphatic organ weights 
were significanlty higher than those of the intact group at the end of the 
fasting period ivith the exception of the mesenteric node (Table 1). 

A marked lymphocytosis (as compared to normal levels found in intact- 
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Table 3. A’umber of mitotic figures per 1000 cells (mitotic ixdex) ix Malpighian 

CORPUSCLES, THYillC CORTICES AND GERJIIXAL CENTERS OF LY.MPHATIC 
ORGANS IN FED, FASTED AND FASTBD-ADBENALECTOAIIZED MICE 


Groups 

1 

Number 

of 

mice 

Hours 

of 

fast 

Spleen 

Mitotic index* 

Thj'nius 

Mesenteric 

node 

Intact fed 

5 

— 

12.0 

15.6 

12.0 

Intact fasted 

5 

48 

5.2 

0.4 

8.0 


5 

96 

5.5 

0.2 

4.3 

Adrenalectomized at 48 

5 

54 

3.0 

3.0 

10.6 

hours of 9G-hour fast 

5 

60 

11.2 

1.0 

15.0 


5 

72 

16.0 

3.6 

15.4 


5 

96 

27.6 

15.6 

29.7 


* Mean values for group (5000 cells/mouse). 


fed animals) was observed 6 hours after adrenalectomy and was at a 
higher level at 12 hours (Fig. 9). At 24 hours (72 hours of fast) the circu¬ 
lating l 3 ^mphocytes had decreased to the lymphocytotic level characteris- 



PiG. 4. Relative mesenteric node weights of intact mice fasted 4 days and refed 1C 
days and of intact mice fasted 4 days, adrenalectomized and refed S days. Fasting 
weights expressed in mg. lymphatic tissue/100 gm. final body weight of experimental 
animal. Refed weights expressed in mg. bmiphatic tissue/100 gm. body weight of in¬ 
tact-fed mice of the same age and sex as experimental mice. 
























G02 


FRANK, KUMAGAI AND DOUGHFRTY 


Volume an 



Fig. 5. Relative combined inguinal and axillaiy node weights of intact mice fasted 4 
days and I'efed 10 days and of intact mice fasted 4 days, adrenalectomiued and refed 8 
days. Fasting weights exinessed in mg. lymphatic ti.ssue/IOO gm. final body weight of 
exjierimental animal. Refed weights expressed in mg. lymphatic tissiie/100 gm. body 
weight of intact-fed mice of the same age and-sex as experimental mice. 

tically .seen in adrenaleciomized-fed mice and remained at thi.s level 
thi'oughout the fa.sting period. 

Effect of fasting and adrenalectomy on mitotic indices of lymphatic tissue. 



Fig. G. Mg. nitrogen/gm. 13'mphatic tissue of intact mice fasted 4 days and refed 10 
daj's and of intact mice fasted 4 days, adrenalectomized and refed 8 daj's. 
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Fig. 7. Absolute Ij’-mphocyte counts of intact mice fasted 4 days and refed 16 days 
and of intact mice fasted 4 days, adrenalectomized and refed S days. 



tinned to fast to 96 hours. 
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Fig. 9. Absolute lymphocyte counts of intact mice fasted 96 hours and of intact mice 
fasted 48 hours, adrenalectomized and continued to fast to 96 hours. 

The number of mitotic figures in all lymphatic organs studied decreased 
during starvation. The thymus was outstanding in this respect; the mi¬ 
totic index decreased from a control value of 15.6 to 0.4 at 48 hours and 
to 0.18 at 96 hours. When mice were adrenalectomized following a 48- 
hour fast and fasting was continued, a marked increase of the number of 
cells undergoing mitosis was found. The mitotic index of the thymus did 
not increase until 96 hours and then to a lesser degree than that of the 
spleen and mesenteric node (Table 3). 

Effect of refeeding on lymphatic tissues of previously fasted intact and ad¬ 
renalectomized mice. Body weights of previously fasted-intact. mice in¬ 
creased during the first day and reached the weight range of fed animals 
of the same age by the third day (Fig. 1). On the other hand, the weight 
of the total lymphatic tissue sample did not begin to increase significantly 
until the fifth day of refeeding. A rapid increase in weight was then found 
so that by the tenth day the total lymphatic tissue weight was considered 
to be within the range of the total lymphatic tissue weight of intact-fed 
mice of the same age (Fig. 1). 

Individual lymphatic organs differed in response to refeeding. Thymi of 
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intact animals did not begin reconstitution until the sixth day of refeeding 
at which time a rapid gain in weight was found which attained the level 
characteristic of fed mice of the same age by the tenth day (Fig. 2). The 
spleen responded earlier and was found to return to its control range by 
the fifth day (Fig. 3). Although the weights of mesenteric nodes fluctuated 
more than those of other lymphatic organs during the entire refeeding pe¬ 
riod, weights within the range for fed-intact mice were attained by the 
fifth day (Fig. 4). The combined inguinal and axillary node weights wmre 
found to return rapidly to normal values by the second day of refeeding 
(Fig. 5). 

In contrast to the intact mice which regained their body wmight by the 
third day of refeeding, the body weight of the refed-adrenalectomized 
group did not return to pre-fasting levels by the end of the 8-day period 
of study (Fig. 1). Howmver, the total Ijmiphatic tissue weight was found 
to be increased the second day and approached normal values by approxi¬ 
mately the sixth day (Fig. 1). In addition, in the adrenalectomized ani¬ 
mals, no individual lymphatic organ differences were found with respect 
to rate of reconstitution following refeeding (Figs. 2, 3, 4, 5). The gain in 
total lymphatic tissue weight began almost immediately upon refeeding 
and continued to increase in a linear fashion. Thus, the complete reconsti¬ 
tution of the weight of lymphatic tissue of these animals occurred much 
sooner than did that of intact-refed mice (Fig. 1). 

The nitrogen content per unit of lymphatic tissue w'eight remained the 
same in both intact and adrenalectomized mice during the refeeding pe¬ 
riod (Fig. 6). 

Absolute numbers of lymphocytes of intact mice wmre found to be within 
the normal range for intact-fed animals by the third day of refeeding. 
However, in adrenalectomized mice an absolute lymphocytosis (attained 
within 48 hours) was'noted throughout the refeeding period (Table 2 and 
Fig. 7). Absolute numbers of eosinophils of intact mice remained at low' 
levels until the fourth day of refeeding; the eosinophils of adrenalectomized 
mice increased from a slight eosinopenia (79/cmm.) on the second day to 
a marked eosinophilic level (1285/cmm.) by the eighth day of refeeding 
(Table 2). 


DISCUSSION 

A classical method of inducing lymphatic tissue involution has been that 
of inanition and has been described extensively (Jolly, 1914; Hajmshi, 
1924; Jackson, 1925). Jolly (1914), in studying organ wmight loss during 
inanition, demonstrated a loss in weight of lymphatic tissue wliich far 
exceeded the loss of body w'eight. Several investigators (Dustin, 1923; 
Undritz, 1924; Jackson, 1925; Gaetano, 1928) have reported histological 
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of adrenalectomized-refed mice reconstituted more rapidly than the body 
weight. Individual differences in rate of ljunphatic organ reconstitution 
were abolished by adrenalectomy. 

The nitrogen content per unit weight of lymphatic tissue remained tlie 
same in both intact and adrenalectomized mice during fasting and re¬ 
feeding. 

These data support the suggestion that lymphatic tissue protein is 
made available for metabolic use by adrenocortical mediation. It is also 
suggested that the fasting-refeeding method of study can be used as a 
metliod for the bio-assay of compounds and/or nutritional factors which 
produce either involution or growdh of lymphatic tissue. 

REFERENCES 

Dougherty, T. F.: Physiol. Rev. 32: 379. 1952. 

Dougherty, T. F. and A. White: Air. J. Anai. 77: 81. 1945. 

Dustin, A. P.: Rev. franc, endocrinol. 1: 332.1923. 

Frank, J. A., L. F. Kumagai, and T. F. Dougherty: Anal. Rec. 112: 111. 1952. 
Frank, J. A. and T. F. Dougherty: West. Soc. Clin. Research. In press. 1953. 
Gaetano, S.: Haematologica. 9: 397. 1928. 

Hayashi, Y.; Mitt. a. d. med. Akad. zu Kyoto 21, 1924. (Cited after; Jap. J. Zool. 1: 
141. 1926.) 

Jackson, C. M.; "The Effects of Inanition and Malnutrition upon Growth and Struc¬ 
ture,” P. Blakiston’s Son & Co., Philadelphia, 1925. 

Jolly, J.: Compl. rend. Soc. biol. 76: 146. 1914. 

Kalmark, F.: Folia Haematol. 11:411. 1911. 

Keuthe, W. : Deutsche, med. Wchnschr. 33: 588. 1907. 

Salkind, j. : Arch. Zool. exp. et gin. 55: 81. 1915. 

Sjovall, H. : Acta path, et Microbiol, scandinav. 27: 308. 1936. 

Streicher, M. H. and Emmel, V. E.; Anat. Rec. 29: 397. 1925. 

Suzuki, M.: Sc. Rep. Gov. inst. infect, dis. Tokyo Imp. Unto. 4: 259. 1925. 

Tausk, F. ; Wien klin. Rundsch. 10: 306. 1896. 

Undritz, W. ; Ztchr.f. Hals-Nasen U. Ohreiih. 8: 1. 1924. 

White, A. and T. F. Dougherty; Endocrinology 41: 230. 1947. 



the influence of the liver upon estrogen- 
protein BINDING IN VITRO^ 

CLARA M. SZEGO 

With'the Technical Assistance of Dorothy C. Wolcott 

Department of Zoology, University of California at Los Angeles, California 

T he liver has long been regarded as the major site of inactivation of 
the estrogens and other steroid hormones (c/., Pincus and Pearlnian, 
1943; Pearlman, 1948). Recent evidence has, hov'ever, suggested that this 
organ may perform a dual role in estrogen metabolism, functioning both 
in the “activation” and inactivation of these compounds (Roberts and 
Szego, 1947). The mechanism of this activation may involve the elabora¬ 
tion by hepatic tissue of the circulating estrogen-protein complex, estro- 
protein (Roberts and Szego, 1946; Szego and Roberts, 1946). 

Investigations of the capacity of surviving liver and other tissues to 
promote the binding of estrogen to the serum proteins have been made 
possible by the availability of estrone-16 C“ of high specific activity^ 
(c/., Heard et al., 1951). The low order of magnitude of the substrate con¬ 
centration in the present experiments is in sharp contrast to that employed 
by previous investigators, and may be considered a closer approximation 
to the physiological leA'^els likely to be encountered in vivo. In addition, the 
choice of serum as the incubation medium represents a departure from 
previously reported studies in which buffered salt solutions have been 
utilized. In the course of the present investigation, it was found that rat 
hepatic tissue was capable of catalyzing the conjugation of estrone or its 
metabolic products with the proteins of the serum medium. This l^inding 
was accentuated in the presence of actively regenerating liver. Surviving 
spleen, kidney and uterus were completely inactive in this regard. 

MATEKIALS AND METHODS 

The incubation studies were uniformly conducted in rat serum containing estrone- 
IG C't The animals supplying the serum and tissues for these studies were female 
Sprague-D awley rats, aged 4 to 6 months, which had been maintained on Rockland 

Received for publication January 13, 1953. 

' Supported by grants from the Cancer Research Coordinating Committee, University 
of California, and from the National Cancer Institute of the National Institutes of 
Health, Public Health Service (C-1488). 

^ Professor R. D. H. Heard generously placed at the disposal of the investigator a 
sample of pure crj^stalline estrone-16 C“ prepared in his laboratories. This compound is 
now being distributed by the Charles E. Frosst Co., Montreal. 
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radioactivity in all ether extracts. That obtained with the serum proteins was similai-l}’ 
used for correcting radioactivity measurements on the aqueous residues. The two cor¬ 
rection curves were of a similar order of magnitude. The majority of the determinations 
were carried out on infinitely thick samples (i.e., 4-5 mg./cm.*). 


RESULTS AND DISCUSSION 

The recovery of activity in the various fractions of the incubation 
medium and of normal and regenerating liver tissue is indicated in Table 1. 
It will be observed that the fractionation scheme employed permitted the 
recovery of an average of 88% of the total radioactivity added. Tliis 
was the case even though respiratory C^'* 02 , which may have been formed 
during the course of the incubation, was not measured. In addition, neither 
the serum proteins nor the supernatant portion of the medium was 
analyzed for possible residual radioactivity following separation of the 
fractions indicated. Finally, certain fractions normally containing up to 
10% of the added activity were not analyzed in some of the experiments 
(Table 1). In view of these factors, the over-all recovery would appear to 
have been essentially complete. 

It will be noted that neither the presence of liver tissue, nor variation 
in the time of incubation, had a consistent effect upon the over-all recovery 
of activity. These observations do not rule out some degradation of the 
original steroid under these conditions, since a significant degree of 
radioactivity was noted in the aqueous back-wash fractions of a number 
of ether the extracts, particularly those derived from the serum proteins 
(Table 1; B, E). The radioactivity present in this water-soluble material 
appeared directly related to the radioactivity in the ether extract itself 
(c/.. A, D), and in some cases even exceeded the latter. The radioactivity 
of serum fraction E (possibly representing estrone breakdown products) 
was negligible in the experiments with spleen, kidney, and uterus but 
accounted for as much as 10% of the added in incubation experiments 
with regenerating liver. It should be noted, however, that two of the 
samples of serum incubated 1 hour without tissue also exhibited consider¬ 
able activity in this fraction, notwithstanding the fact that the activity 
in the corresponding ether extracts was negligible. 

Although surviving liver had no detectable effect on the over-all recovery 
of added C^'*, the distribution of isotope among the fractions of the incu¬ 
bation medium was markedly altered in the presence of this tissue. The 
bulk of the activity was present, apparently unmetabolized, in the serum 
supernatant ether fraction (A) in all experiments. The presence of both 
control and regenerating liver consistently diminished the proportion of 
activity in this fraction, in a degree roughly proportional to the time of 
incubation. The activity disappearing from this fraction was found in the 
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Fig. 2a,b. Recovery of C‘‘‘ in liver tissue fractions following incubation with estrone- 
16 C“ in a serum medium. Figure 2a (upper chart), represents fraction G (cf.. Fig. 1; 
Table 1). Figure 2b (lower chart), represents fraction H. Circles, normal liver; triangles, 
regenerating liver obtained 48 hours after partial hepatectom3^ 



Fig. 3. Recoverj'^ of C*'* in the ether-soluble fraction of the serum proteins following 
mild alkaline hydrolj^sis (fraction C). Open circles, serum incubated with estrone-16 C’^ 
in the absence of liver; closed circles, normal liver; triangles, regenerating liver. 
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proteins of the medium and in the liver tissue itself. The association of 
C“ with normal and .regenerating liver tissue during incubation is shown 
in Figure 2. Figure 2a is a schematic representation of the radioactivity 
remaining associated with liver components (fraction G), following pre¬ 
liminary mild hydrolysis and removal of ether-soluble material (F). It 
should be pointed out that the activity of the latter was thought to 
represent, in part, material adsorbed on the tissue and perhaps rightfully 
to be eonsidered derived from the serum medium. Figure 2a reveals that 



Pig. 4. Recoverj^ of C^‘* in the ether-soluble fraction of the serum proteins following 
strong acid hydrolysis (fraction D). Notations as in Figure 3. 

significant activity was present in the aqueous residue of the liver under 
these conditions. This activity appeared to increase wdth time of incuba¬ 
tion and was higher in the presence of regenerating liver than normal liver. 
About one-third of the activity in this fraction could be released as ether- 
soluble substances after strong acid hydrolysis (Fig. 2b). In the latter 
instance, unincubated control samples were essentially inactive. An appar¬ 
ent maximum degree of binding was observed after If hours of incubation. 

When the proteins of the serum medium were subjected to mild alkaline 
iil’^drolysis, relatively small amounts of radioactivity were liberated as 
ether-soluble material (fraction C). Figure 3 indicates-that no significant 




676 


SZEGO 


Volume 62 


differences occurred in the activity of this fraction of the proteins of 
rat serum incubated alone for 0 to 2 hours, or incubated with normal or 
rapidly regenerating liver for these same periods of time. It would appear 
that the inconsequential amount of estrogen or its metabolic products 
present in the ether-soluble fraction after mild hydrolysis of the serum 




Fig. 5. Incorporation of into the serum proteins after incubation of estrone-16 
with various tissues. The ether-soluble fraction (D) following strong acid lij^dr-olysis 
is shown, as in Figure 4. All incubations ivere carried out for 2 hours. The height of the 
bars for serum control, normal and regenerating liver samples represents an average of 
3, 3 and 5 samples, respectively. The values for the other tissues are the result of single 
determinations. 


proteins was not an index of the estrogen-metabolizing activities of the 
liver. 

In contrast, secondary strong acid hydrolysis of the aqueous residue 
remaining after ether extraction of the mild alkaline digest liberated sig¬ 
nificant quantities of lipide-soluble activity (fraction D). The radio¬ 
activity in this fraction varied significantly with the nature of the tissue 
and the length of the incubation period (Fig. 4, 5). This radioactive ma¬ 
terial presumably represented estrone or its metabolic products in firm 
combination with the serum proteins. Insignificant amounts of firmly 
bound radioactivity were present in the proteins of serum which had been 
incubated alone for 0 to 2 hours. In the presence of normal hepatic tissue, 
this firmly bound riiaterial increased markedly during the 2-hour incuba- 
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tion period. Regenerating liver, which is known to be hyperactive in many 
of its metabolic characteristics (c/., Szego and Roberts, 1949), was ex¬ 
tremely active in binding estrone or its metabolic products to the serum 
proteins in vitro. The capacity of surviving liver to bind radioactive 
material derived from estrone-16 to the serum proteins appeared to be 
highly specific for this tissue. It will be observed in Figure 5 that spleen, 
kidney, and uterus of the rat were completely inactive in this respect. 

These observations suggest that protein-binding of estrogen or its 
metabolic products is a physiological process, presumably catalyzed by a 
specific enzyme system found in liver but not in spleen, uterus, or kidney. 
The nature of the substances which become firmly attached to the serum 
proteins 'during incubation with surviving hepatic tissue is not definitely 
known. A lipide material is indicated by the solubility properties. The 
fact that a relatively large fraction of the original estrogen added was 
recovered in this form suggests that the structure may still be steroidal. 
That at least a portion of this material wms still estrogenic was indicated 
by preliminary results on bioassay of this fraction. Only wdien liver tissue 
had been present in the original incubation did fraction D exhibit appreci¬ 
able estrogenic activity. Other chemical properties indicate that this 
material was probably bound to the serum proteins in an esterified (or 
glucuronide) form, and, in fact, the major role of the liver in facilitating 
estrogen-protein binding may be by virtue of its ability to catalyze 
glucuronide formation (c/., Crepy, 1947). On the basis of available evi¬ 
dence, estroprotein, the natural circulating estrogen, appears to be con¬ 
stituted of estrogen linked to serum protein in this esterified (or glucuro¬ 
nide) form (Roberts and Szego, 1946). The results of the present study are 
consistent with the hypothesis that the liver may be the site of formation 
of this estroprotein. 

SUMMARY 

Estrone-16 C^'* was incubated in the presence of surviving rat tissues in 
homologous serum for periods varying from 0 to 2 hours. The distribution 
of radioactivity was studied in various fractions of the medium and tis.sues. 
Approximately 88% of the activity added could be recovered in these 
fractions. Normal liver tissue was capable of enhancing the binding of 
estrone or its metabolic products to the proteins of the serum medium. 
The protein-bound C*'* activity was released in an ether-soluble form only 
after partial hydrolysis of the proteins. Regenerating liver wms even more 
active in promoting binding of the steroid to the serum proteins. Spleen, 
kidney, and uterus were completely inactive in this regard. The relation 
of these observations to the problem of estroprotein formation vi vivo is 
discussed. 
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CHEMICAL TRANSFORMATION OF STEROIDS BY 
ADRENAL PERFUSION: PERFUSION METHODS' 
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The Worcester Foundation for Experimental Biology, Shrewshury, Mass. 

INTRODUCTION 

S TUDIES were undertaken in 1944 to discover conditions requisite for 
the maintenance of corticosteroid biosjmthesis in isolated, perfused 
adrenal glands. In 1949, having developed a perfusion apparatus (Hechter, 
1948) and methods for extracting and estimating corticosteroids in blood, 
it was possible to demonstrate that perfused beef or sheep adrenals respond 
to adrenocorticotrophic hormone (ACTH) by a marked increase in the 
rate of corticosteroidogenesis (Hechter, 1949), Possessing an active adrenal 
preparation, studies w^ere then undertaken to evaluate the enzymatic 
capacity of perfused adrenals to modify steroids. In the course of these 
studies using ll-desoxycorticosterone (DOC), suggestive evidence was 
obtained that the gland possessed a system for directly introducing an 
oxygen function at C-11 of the steroid nucleus. 

A few months later the dramatic therapeutic effects of cortisone in 
rheumatoid arthritis were reported by Hench, Kendall and their associates 
(1949). Since our findings represented a possible mode for the introduction 
of a C-11 oxygen function into the steroid nucleus, the wmrk on adrenal 
perfusion ivas considerably expanded. This rapidly led to the definitive 
chemical characterization of corticosterone. (Hechter ei al., 1949) as the 
DOC transformation product responsible for the glycogenic activit}'' 
previously noted in adrenal perfusates. Further studies were then under- 
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taken to isolate and characterize the transformation products resulting 
from the perfusion of a variety of C-19 and C-21 steroids through adrenals. 
Some of these findings have been discussed in a review in which it was not 
possible to give detailed descriptions (Hechter et al, 1951). 

This paper is the first of a series on steroid transformations induced by 
isolated, perfused bovine adrenal glands and describes in detail methods 
of adrenal perfusion. The development of the adrenal perfusion technic to 
its present point was carried out primarily by studying the conversion of 
DOC to corticosterone; thus the data to be presented will deal mainly 
with the 11-bio-oxygenation system using DOC as a substrate. 


METHODS 

Technic of arterial perfusion of bovine glands: In the initial phase of this study, the 
methods developed originally for the demonstration of ACTH-induced corticosteroido- 
genesis (Hechter, 1949) were employed. Bovine glands were obtained at a local slaughter 
house. The animals available were mainly cows which for various reasons had gone off 
milk or heifers which had failed to breed. In a few cases, bull adrenals were obtained. 
It should be emphasized that the adrenals emplo 5 md were derived from animals of vari¬ 
able age and weight, some with minor bovine diseases, whose previous nutritional re¬ 
gime may be safely assumed to be quite variable. 

The glands were obtained after the animals had been stunned, bled out, skinned and 
eviscerated, approximately 15 to 30 minutes after exsanguination. With the carcass 
hanging on the dressing rack, one adrenal, usually the left (which is kidney-shaped in 
contrast to the crescent-shaped right adrenal) was removed within 1-2 minutes with all 
the adjacent periadrenal connective tissue, together with the abdominal aorta and vena 
cava. Initially, attempts were made to perfuse the gland through one of the several 
adrenal arteries. However, the adrenal vascular supply in bovines was found to be so 
highly variable that this technic was not consistently successful. Thereafter, for arterial 
perfusion, glands were perfused through the aorta as follows: A large cannula was in¬ 
serted through one end of the abdominal aorta; a glass plug was tied into the other end 
distal to all adrenal vessels and all of the large extra-adrenal arteries were ligated. Par¬ 
ticular care was taken not to disturb the fat and connective tissue surrounding the gland. 
The vena cava was slit open and the principal adrenal vein of the gland (in some cases 
there are 1 or 2 additional small veins) was cannulated, the wall of the vena cava being 
used as a flap to tie the venous cannula in place. The remainder of the vena cava was 
then carefully dissected away and the preparation was thoroughly perfused with saline 
or Tyrode’s solution (20-40 min, after obtaining the gland) to remove all residual blood 
and to detect major leaks, w'hich were then tied off. This preparation of the adrenal 
gland was carried out in the slaughterhouse. The glands were then taken to the labora¬ 
tory, about 25 minutes away. Initially, during this interval before the glands were 
placed in the apparatus, they wmre perfused with chilled (5'” C.) plasma by gravity at a 
pressure of 70 mm. Hg. Later it was discovered that equally good results were obtained 
when the preparation was transported wdthout perfusion, but merely covered with cold 
Ringer’s solution. 

Preparation of blood for perfusion: Beef blood w'as collected non-aseptically at a 
local slaughterhouse. Large-mouthed gallon bottles containing 600 ml. of glucose-citrate 
solution (2.06% sodium citrate, 0.78% citric acid, and 5.0% glucose) were used for blood 
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collection from the severed neck vessels of stunned cattle. After collection, the blood 
was brought to the laboratory and 100,000 units of penicillin G and 500 mg. of strepto¬ 
mycin sulfate per liter were added to inhibit bacterial growth and the blood was stored 
at 2-5° C. for 1 to 7 days prior to being used for perfusion. 

On the day of the experiment, the refrigerated blood was filtered first through 6-7 
layere of muslin, then through a nylon stocking filter (Fenwal). This treatment removed 
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gross clots, agglutinated red cells as well as certain scums of an amorphous character 
which develop in bovine blood collected and stored under our conditions. The blood was 
then circulated through a heterologous liver used as a biological filter designed to remove 
small thrombi and foreign material which might have passed through the previous 
filters. This preliminaiy perfusion treatment, in addition, removes vasoconstrictor sub¬ 
stances present in stored blood or plasma. Instead of using homologous lung as in previ¬ 
ous work (Hechter, 1948), rat liver was employed for this purpose as follows: The fil¬ 
tered blood was added to the perfusion apparatus, mounted in a 38° C. incubator room, 
and permitted to circulate. While the blood was being warmed and oxygenated, an 
etherized rat weighing 200-300 g. was exsanguinated by severing the femoral arteries 
and veins. The chest was then opened and a cannula was inserted through the right au¬ 
ricle into the thoracic vena cava directed toward the liver. The residual blood in the 
liver was then rapidly washed out by perfusion with physiological saline at pressures not 
exceeding 40 mm. Hg. The abdominal vena cava below the liver was next tied off and 
the liver was then removed from the animal. With this procedure, the portal vein and 
hepatic artery are left open and the circulation proceeds "backwards” from the vena 
cava->hepatic vein—>portal vein (mainly) and hepatic artery. The liver was then in¬ 
serted into the organ chamber of the apparatus and perfused with the medium to be 
used for subsequent perfusion through cattle glands. Rat livers were perfused either 
with pulsatile or non-pulsatile pressure (in either case the mean perfusion pressures were 
30-45 mm. Hg.), depending upon whether the adrenal to be perfused subsequently was 
to be perfused with pulsatile or non-pulsatile pressure. Under our conditions, the blood 
flow through the livers was 40-60 cc. per minute and the blood was circulated for varjf- 
ihg intervals, but at least twice through the liver preparatory to being employed for 
subsequent adrenal perfusion. 

Addition of steroids to perfusion media: DOC and other steroids were completely 
dissolved in minimal volumes of propylene glycol and then added dropwise to rapidly 
swirled, liver-filtered perfusion blood. DOC is quite soluble in propylene glycol and was 
employed at a concentration of 50 mg. per ml. in this vehicle. With less soluble steroids 
such as 17-hydroxy DOC, A®-pregnen-3)3-ol-20-one, etc., it was necessaiy to use corre¬ 
spondingly more propylene glycol. Using such propylene glycol solutions of DOC, it is 
possible to prepare DOC suspensions in blood as high as 1 gm./liter before large particles 
of DOC separate (after 24-48 hours). However, this should not be interpreted to indi¬ 
cate that DOC concentrations lower than 1 gm./L. of blood represent true solutions. 

Table 1 shows an experiment in which a beef gland was arterially perfused through 
the aorta with plasma containing successively increasing concentrations of DOC with 
a mean pulsatile perfusion pressure of 125 mm. Hg. It will be seen that upon perfusing 
the gland with DOC at a concentration of 30 mg./L., the adrenal blood flow is unchanged 
from that of the control period. When the DOC concentration was increased to 100 
mg./L., there was a tendency for the blood flow to decline, and this became marked when 
the DOC concentration was increased to 300 mg./L. After the flow had been slowed by 
the latter concentration, no increase in blood flow aws observed when the DOC concen¬ 
tration was lowered from 300 to 30 mg. DOC/L., demonstrating that the lowering of 
blood flow produced by high concentrations of DOC was irreversible. It should be em¬ 
phasized that none of these plasma samples containing DOC concentrations ranging 
from 30 to 300 mg./L. showed any turbidity. Presumably the colloidal suspension pro¬ 
duced by 300 mg./L. DOC of plasma was so broken (possibly in the capillaries during 
the fluid exchanges between plasma and tissues) that mechanical blockade of about two- 
thirds of the vascular channels by insoluble steroid resulted. 
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Table 1. Influence of DOC concentration upon adrenal blood flow* 


Time of 
perfusion, 
min. 

Blood flow, 
ml./min. 

Pressure, 
mm. Hg 

Remarks 

5 

31 

125 

At 0 min., perfusion initiated with 

10 

36 

125 

plasma, no DOC 

20 

32 

125 

40 

36 

125 • 


45 

33 

125 

After 40', perfusion initiated with 
30 mg. DOC per L. 

50 

32 

125 

60 

31 

125 

80, 

32 

125 


85 

31 

125 

After 80', perfusion initiated with 

90 

28 

125 

100 mg. DOC per L. 

100 

26 

125 

120 

27 

125 


125 

24 

125 

After 120', perfusion initiated with 

130 

16 

126 

300 mg. DOC per L. 

140 

14 

125 

160 

10 

125 


165 

8 

125 

After 160', back to 30 mg. DOC 

170 

6, 

125 

per L. 

180 

5 

125 


7 

125 

At 200', perfusion pressure increased 


19 

200 

to 200 mm. Hg. 


22 

200 


26 

200 



25 

200 


240 

23 

200 



* Gland weight = 18.2 gm. 


As with DOC, other steroids added to blood likewise block adrenal vascular channels 
at particular concentrations. In the case of each steroid, the concentration at which this 
occurs must be determined empirically, for it has not been possible to predict the man¬ 
ner in which a steroid will perfuse through an adrenal. Perhaps this depends on the na¬ 
ture of the metabolic products formed during adrenal perfusion, although other possi¬ 
bilities such as the nature and size of the steroid colloid micelles formed maj' be in¬ 
volved. For example, A^-pregnen-3/3-ol-20-one can be successfullj'^ perfused at 25 mg./L. 
whereas with concentrations of 50-100 mg./L., flow is partially blocked. Proges¬ 
terone, while more soluble in propylene glycol than pregnenolone, may be perfused under 
our conditions without significant blockade in the range of 50-70 mg./L., but produces 
block at 100 mg./L. Nevertheless, A''-androsten-3,17-dione, which is not significantly 
more soluble than progesterone in prop 3 dene glj’^col, has been perfused through glands 
at a concentration of 100 mg./L. without difficulty. 

Arterial •perfusion of DOC: The degree of DOC conversion into corticosterone bj' ar- 
teriallj' perfused glands is shown in Table 2. In these experiments (and in those de¬ 
scribed in succeeding tables) the analj’^tical figures for corticosteroids isolated from per¬ 
fusates refer to fractions obtained bj"^ silica gel ch^omatographJ^ The isolation procedure 
and the method of fractionation by chromatographj’^ will be described fullj' in a subse¬ 
quent paper. Column (a). Table 2, refers to recovered crj’stalline starting material melt¬ 
ing above 130°; column (b), to the cr 3 ’stalline product, corticosterone, melting above 
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160°; and column (c) to the weight in DOC equivalents of forraaldehydogenic steroid 
(FS) present in the mother liquors of the crystallized fractions. 

It will be seen from Table 2 that the rate of formation (expressed as mg. of corticos- 
terone/hr./20 gm. gland) and the percentage yield of crystalline corticosterone vary 
from 3.4 mg. to 30.5 mg. and 5% to 23%, respectivel}^ in seven experiments. The 
11-oxidation of DOC occurs with plasma as well as with mixtures of blood and plasma. 

The arterial perfusion method has several serious limitations which are not evident 
from the data of Table 2. These are: (a) The preparation of adrenals for arterial pei'fu- 
sion, demanding a high degree of surgical skill, could not be standardized because of 
variations from gland to gland, (b) A high percentage of the preparations developed seri¬ 
ous leaks in the aorta during the course of experimentation, necessitating termination of 
the experiment, (c) Perfusion of glands with a variety of dyes after the experiment had 
been completed revealed that some areas of the gland were inadequately circulated and, 


Table 2. 11-hydhoxylation by bovine glands perfused via aorta 


Expt. 

No. 

j Perfusion conditions 

1 Perfusate analysis 

i Ratef 

Gland 

wt., 

gm. 

DOC 

input, 

rag./L. 

Medium j 

Mean 
arterial 
pressure, 1 
mm. Hg. 

Mean 
blood 
flow, 
ml./min. 

Perfusion 

period, 

min. 

Crystalline | 

Non- 
cryst. 
F.S., % 

DOC 
(a) % 

' Cort. 
(b) % 

1 

18.6 

30 

Plasma 

125 

27 

64 

38 

8 

23 

4.3 



50 

Plasma 

120 

7 

222 

24 

16 

20 

3.4 


24 

50 

Bl. Mixture* 

100 

8 

167 

22 

23 

17 

4.6 


12 1 

70 1 

Plasma 

100 1 

21 

48 

23 1 

10 

35 

14.7 


12 1 

70 1 

Bl. Mixture* 

110 

27 

112 

39 1 

8 

15 

15.1 

G 

13 

100 

Plasma 

190 

22 

340 

32 

15 

11 

30.5 

7 

19 

100 

Plasma 

130 

23 

44 

41 

5 

16 

7.3 


* Refers to eciual volumes of plasma and whole blood, 
t mg. of corticosterone per hour of perfusion per 20 gm. gland. 


in some adrenals, these ineffectively perfused areas represented one-third to one-half of 
the gland, (d) It was difficult to control blood flow at will, thus some preparations ex¬ 
hibited subnormal blood flow at high perfusion pressures, while in others, despite low 
perfusion pressures, the flow was relatively rapid, (e) Finally, arterially perfused prepa¬ 
rations contained a great deal of extra-adrenal tissue (which tended to complicate any 
results obtained) which could not be dissected away without injury to the adrenal ar¬ 
terial vessels running through them. 

Accordingly an attempt was made to develop a simpler method adaptable to routine 
standardization whereby these difficulties could be reduced or improved. 

Venous 'perfusion: Consideration of the circulation of the adrenal suggested that 
venous perfusion might remedy some of the above problems. Since there is a single large 
adrenal vein which empties directl}'^ into the vena cava, this vessel could easily be can- 
nulated within 1-2 minutes. By perfusing via the vein, fluid was delivered first into the 
venous lumen, then through the medulla, next the cortex, and finall}'^ out the innumerable 
adrenal arteries at the surface of the gland, a reversal of the normal process. In this type 
of preparation, all of the periadrenal fat and connective tissue were superfluous and 
could be rapidly dissected away. The entire preparation required no more than 5 min¬ 
utes and little surgical skill. Venous perfusion of glands had previously proved to be suc¬ 
cessful in a preliminarj'^ stud}'^ (Hechter, 1949) and accordingly a sj^stematic investigation 
of venous perfusion was undertaken. 

It was found that when glands were cannulated for venous entry of the perfusion 
medium the blood flow was exceedingly slow despite utilization of mean pulsatile per¬ 
fusion pressures as high as 200 mm. Hg. In Table 3 are shown the data of 6 experiments 
using glands perfused via the adrenal vein. It will be seen that such preparations 11- 
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oxygenate DOC when blood was present in the perfusion medium (Expts. 4, 5 & 6), but 
in marked contrast to the previous results (c/. Table 1) no detectable corticosterone was 
formed when DOC was perfused in plasma as the medium (Expts. 1, 2, & 3). 

This difference between media in venous preparations became explicable as the result 
of visual inspection of glands perfused with whole blood. Following each pulsatile stroke 
(which pumped fully oxygenated blood into the central venous lumen distending the 
gland) a pool of dark deoxygenated blood passed back upon recoil from the gland lumen 
into the glass cannula. Soon a considerable portion of the cannula was filled with de- 
ox}fgenated blood which surged back and forth as the pulsatile perfusion continued. 
These observations suggested that the blood flow obtained bj"^ venous perfusion of glands 
was so slow that the exj^gen dissolved in the medium was depleted by the adrenal medul¬ 
lary tissues. Thus it appeared likelj’- that with plasma, whose oxygen capacity is limited, 
the perfusion medium entering the cortical layers was so completely deoxygenated that 
the bio-ox 3 'genation of DOC could not occur. With blood, however, whose oxygen-cariy- 


TaBLE 3. 11-HYDROXYLATION BY BOVINE GLANDS PERFUSED via ADRENAL VEIN 


Expt. 

No. 

DOC 

input, 

mg./L. 

Gland 

wt., 

gm. 

^ledium 

Mean 
pressure, 
mm. Hg. 

Mean 

blood 

flow, 

ml./min. 

Perfusion 

period, 

min. 

Crysl 

DOC 

% 

alline 

Cort. 

% 

Non- 

cryst. 

F.S., 

Ratet 

1 

40 

18 

Plasma 

150 

6.8 

338 

33 

0 

25 

0 

2 

so 

22 

Plasma 

100 

10.0 

200 

42 

0 

12 

0 

3 

100 

20 

Plasma 

100 

6.1 

155 

33 

0 

12 

0 

4 

50 

20 

Bl. mixture* 

150 

7.1 

326 

4 

35 

31 

7.5 

5 

70 

13 

Bl. mixture* 

120 

11.6 

222 

6 

36 

18 

27.0 

0 

100 

20 

Bl. mixture* 

100 

10.7 

89 

30 

10 

20 

6.4 


^ Refers to equal volumes of plasma and whole blood, 
t Refers to mg. of corticosterone per hour of perfusion per 20 gm. gland. 


ing capacity is high, sufficient oxygen was retained in the medium to permit the oxidative 
process to function. 

From hemodjmamic consideration, it appeared most likely that the slow blood flow 
with venous-perfused glands resulted from a constriction of the arterioles and small 
arteries in the cortical laj'ers near and at the surface of the gland. Attempts to increase 
the flow by means of a variety of vasodilators and by sympatholj’^tic agents were, how¬ 
ever, without significant influence. 

Venous perfusion: Lacerated glands—pulsatile pressure. —A method of overcoming 
this difficulty of flow in venous-cannulated preparations presented itself as the result 
of an accident. In two experiments when the mean pulsatile pressure was increased to 
about 200 mm. Hg, the gland burst after a relativelj' short period and blood containing 
DOC was pumped rather rapidlj^ through the leaks which developed. Considering that 
the major portion of DOC escaped through the leak without passing through adrenal 
tissue, it was surprising to find rather high concentrations of corticosterone upon workup 
of perfusate samples from these burst glands. This observation led us to lacerate with a 
razor blade the outside surface of the gland to a depth of 2-3 mm. on the basis that such 
lacerations might provide a bj'-pass for the escape of blood which had circulated through 
the adrenal tissue. Table 4 illustrates the relationship between the number of lacerations 
placed on the gland surface and the adrenal blood flow under a constant pressure head of 
90 cm. of H;0. It will be seen that the flow' through the gland (at constant perfusion 
pressure) initially rises rapidlj' and then tends to level off as the number of lacerations is 
increased progressively. Using the venous-lacerated type of preparation, it was soon 
learned that the steroid conversion rates w'ere higher than those achieved b}' our previous 
procedures. 

I'choKs perfusion: Lacerated glands — non-pulsatile pressure. —During the course of 



'686 


HECHTER, ET AL. 


Vohnitc 52 


Table 4. The influence op the number of lacerations upon 

FLOW THROUGH A VENOUS CANNULATED GLAND* 


Lacerations - 

Flow, 

ml./min./gm. 

Number 

Total length, cm. 

0 

' - 

0.11 

1 

6.1 

0.43 

2 

11.5 

1.02 

3 

16.0 

1.43 

4 

24.0 1 

1.72 

5 

30.0 1 

2.10 

6 

35.2 

2.42 


* A gland weighing 18.7 gm. was perfused with Tyrode’s solution at a constant pressure 
of 90 cm. H 2 O. Length of individual lacerations were measured with fle.xible mm. rule. 


perfusing lacerated glands via the vein with pulsatile pressures, it was noted that many 
glands burst during the course of several hours of perfusion and it was not possible to 
evaluate blood flow rates. It seemed likely that these tears in the gland resulted from the 
alternate flexing and relaxing (induced by pulsatile perfusion pressures) of glands whose 
connective tissue capsule had been effectively' destroyed by the lacerations. Accordingly, 
the pulsatile pressure of the perfusion apparatus was eliminated and the pump was used 
merely for elevating the blood for non-pulsatile perfusion under suitable hydrostatic 
pressure. With this technic, hundreds of lacerated glands have been perfused through 
the adrenal vein and in only an occasional instance has a gland developed “leaks” dur¬ 
ing perfusion periods for as long as 12 hours. Accordingly, the non-pulsatile perfusion 
technic became our method of choice. Table 5 illustrates the rate of 11-hydroxylation of 
DOC in venous-lacerated glands (perfused with pulsatile and non-pulsatile pressures). 
The high rates of conversion obtained should be compared with results shown in Tables 
2 and 3. 


Table 5. Comparison of pulsatile and non-pulsatile perfusion of lacerated 
GLANDS CANNULATED Via THE ADRENAL VEIN WITH 100 MG. DOC PER L 



Type 

1 

Perfusion medium 

Gland j 
wt., 
gm. 

Mean 
pressure 
perfusipn 
mm. Hg 

Mean bl. 
flow, 

ml./min./gm. 

1 

Rate* 

% 

blood 

% 

plasma 

1 

Non-pulsatile 

10 

90 

14 

28 


32 

2 

N on-pulsatile 

50 

50 

17 

30 


48 

3 

Non-pulsatile 

50 

50 

15 

26 


57 

4 

Non-pulsatile 

100 ' 

0 

22 

60 


48 

5 

Non-pulsatile 

100 

0 

18 

100 


36 

6 

Pulsatile 

10 

i 90 

22 

19 


48 

7 

Pulsatile 

20 

I 80 

20 

20 


52 

8 

Pulsatile 

50 

50 

17 

32 

■191 

42 


* mg. of corticosterone per hour of perfusion per 20 gm. gland. 


Laboratory scale production of cortisone by perfused adrenal glands: Since 
corticosterone, the product isolated from DOC perfusions, was at that 
time (spring, 1950) unavailable in other than milligram amounts from 
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adrenal extracts, it was felt important to produce gram quantities of this 
corticosteroid for biological experimentation. As our objective, production 
of 6 to 6 gm. of corticosterone was set. A bank of individual glands was 
perfused with DOC in blood under conditions designed to insure a good 
yield of corticosterone, no attention being given to the rate of production. 
From our foregoing experimental work, it was decided to recirculate 200 
mg. of DOC/L. of blood through a bank of 5 glands, each with its own 
entry tube from a manifold. By proper adjustment of stopcocks, it was 
possible to regulate adrenal blood flow to equalize large differences in flow 
rate between individual glands so that all glands would have a blood flow 
of about 1.5-2.0 L. per hour, independent of gland weight.. 

Table 6 shows the results of five consecutive experiments using 20 to 28 
L. of blood. In experiment A, the perfusate was circulated once through 
two 5-gland banks, in the remaining runs (B to E), the perfusate wms cir¬ 
culated 2 to 3 times through 1 such bank. The average yield of crystalline 
corticosterone produced under these conditions was 37%, based on the 
weight of the DOC recovered from the perfusate. In total, 5.63 gm. (34%) 
of purified corticosterone was obtained from the 16.6 gm. of desoxycorti- 
costerone disappearing from 108 L. of perfusate. 


Table 6. The production of corticosterone bv banks 
OF ADRENAL GLANDS PERFUSED WITH DOC 


Run 

No. 

Perfusate 

vol., 

liters 

Input 

DOC, 

gm. 

Cryst. 

unaltered 

DOC, 

gm. 

Cryst. 

cort., 

gm. 

% 

cryst. 

cort.* 

A 

28 

5.5 

0.83 

1.84 

39 

B 

20 

4.0 

1.21 

0.92 

33 

C 

20 

4.0 

1.12 

1 .05 

36 

D 

20 

4.0 

0.83 

1 .23 

39 

E 

20 

4.0 

0.88 

1.16 

37 


* Based on the weight of desoxycorticosterone recovered. 


In considering these results, it should be emphasized that approximately 
half of the added steroid is unaccountable as either crystalline DOC or 
corticosterone by our isolation method. 

DISCUSSION 

An example of the perfusion method guided exclusively by biochemical 
principles has been given. Conditions of perfusion have been selected 
solelj'- on the basis of the rates of an in vitro reaction, and not upon phj^sio- 
logical considerations. Approached in this fashion, a simple technique for 
perfusion of bovine adrenals (as wmll as for the adrenal glands of sheep, pig, 
horse and human, the other species tested) has been developed which 
requires probably less skill than is necessary for the preparation of adrenal 
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slices. Since our findings may be generally applicable to a variety of prob¬ 
lems in organ metabolism, some aspects of these studies merit discussion. 

Organ transfer from the animal to the perftision pump: The present work 
demonstrates that in the case of the specific enzymatic activity studied, 
the C-11 hydroxylation system, it is not necessary to transfer the organ 
rapidly from the animal to the perfusion pump. Glands are routinely per¬ 
fused which have been obtained fi-om animals killed several hours prior 
to experimentation. Indeed, glands stored at 2°C. in salt solution and per¬ 
fused 24 hours after the death of the animal are still capable of transform¬ 
ing DOC to corticosterone, albeit at a somewhat reduced rate. It should 
be emphasized that the stability of the C-11 “oxidase system” described is 
not a special case of an “exceptional” enzyme. The entire series of biochem¬ 
ical events involved in the formation of corticosteroid hormones and cho¬ 
lesterol from C-2 fragments, involving a multiplicity of enzymes coupled 
with the appropriate energy-yielding reactions, also proceeds in such glands 
perfused hours after the death of an animal (Hechter, et al., 1951) (Zaf- 
faroni et al., 1951). 

It should be emphasized that all glands were stored in salt solutions at 
or near 0°C. The temporary anoxia involved in gland storage of concern 
to some physiologists who believe that organs should be transferred to the 
artificial circulation as rapidly as possible to minimize anoxia, ignores the 
point that the dimensions of anoxia involve temperature as well as time. 
The question as to whether an organ stored near 0°C. is anoxic cannot be 
answered a priori but requires a determination of the oxygen requirements 
for the maintenance of the system at that temperature. It seems likely 
that a great variety of enzymatic processes in tissues other than the 
adrenal will prove to be sufficiently stable (at low temperature) to allow 
time for an unhurried surgical preparation of the organ for perfusion. 
Where a highlj'’ unstable constituent is a component of the reaction under 
investigation, it may be possible to overcome such deficiencies by pre¬ 
liminary perfusion with blood, with presumable resynthesis of the “un¬ 
stable” component. 

Preparation of organs for perfusion: Ordinarily, one thinks of perfusing an organ 
through the artery since this is tlie normal course of circulation. Biochemically, however, 
it is of no fundamental concern whether substrates are presented to cells from the ve¬ 
nous or the arterial side of the capillary. The present stud provides an illustration of this 
principle in the case of an organ wherein ‘‘normal” arterial perfusion is very difficult 
from a surgical point of view, but where the venous cannulation is simple. The difficul¬ 
ties in blood flow exhibited in this pi'epai’ation were overcome b}’’ lacei’ating the cortex 
of the gland. While this treatment undoubtedb'' damages cells, quantitatively'the total 
number of cells so injured is vanishingly small relative to such injuiy in tissue slices. 
Application of these considerations to the preparations of other organs will undoubtedly 
remove many of the surgical difficulties formerb-^ associated with perfusion. Finalb, it 
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should be mentioned that organs of small laboratory animals with blood vessels too 
small for easy cannulation may be replaced slaughterhouse material, allowing the use 
of numerous organs from a variety of species. 

Perfusion media: We have previouslj’' shown that a variety of perfusion media may 
be employed to demonstrate 11-hydroxylation of DOC in bovine adrenals and that, of 
these, homologous beef blood seems to be the most satisfactory (Hechter et al, 1951). 
This should not be taken to indicate, however, that phj’^siological media are necessary 
to obtain maximal activity of a particular metabolic S 3 ’’stem. The blood used in our 
studies, while homologous, contained abnormallj'^ high concentrations of glucose, citrate 
and antibiotics. Citrated blood was originallj' used in our studies when it became pro¬ 
hibitively expensive to emploj' the “more phjmiological” anticoagulant, heparin. As it 
developed subsequent!}', citrated blood maj' well be superior to heparinized blood for 
the stud}' of a number of adrenal corticosteroidogenic processes. The use of homologous 
blood in our present experiments represents an accident of convenience since both beef 
glands and blood were available. In other studies it has been shown that bovine blood is 
as effective as sheep blood in ACTH-induced steroidogenesis in sheep glands (Hechter, 
1949). The use of heterologous blood in organ perfusion represents a solution'of those 
problems which arise when the organs perfused are derived from animals which cannot 
easily supply adequate volumes of homologous blood. As an illustration of this point, it 
may be mentioned that in steroid metabolic studies of perfused rat livers carried out by 
one of us (O.H.), bovine blood has proven especially useful as a convenient perfusion 
medium on a 20 L. scale. 

Role of perfusion in biochemical investigation: We have previously stated 
that a perfused organ may be likened to an organized collection of tissue 
slices wherein the circulatory apparatus is employed to permit entry of 
substrates into the cells and have discussed some of the factors which 
influence the rate of biochemical reactions in a perfused organ (Hechter, 
et al., 1951), e.g. capillary hydrostatic pressure, permeability of substrate 
tlorough the capillary wall, possibility of change in the number of effective 
vascular channels, etc. These added complexities of the perfusion technic, 
difficult to control quantitatively, limit the usefulness of the perfusion 
method. 

What, then, is the place of perfusion in modern biochemical investiga¬ 
tion? In our opinion, the present study affords one clearly useful example. 
Although corticosteroidogenesis has long been regarded as involving a 
series of transformations presumably starting from cholesterol, the meta¬ 
bolic pathways involved and the end products were subjects of speculation 
until our perfusion work provided a basis for the beginning of an under¬ 
standing of the .intermediaries and enzymatic systems involved (Hechter, 

al; 1951). The present report is concerned w'ith one step in this process, 
the ll(3-hydroxylation of DOC, and illustrates perfusion as a method for 
obtaining sufficient material to enable the definitive chemical characteri¬ 
zation of an unknow'n metabolic product derived from a specific substrate. 
Once products of metabolic reactions are known, moreover, it becomes 
possible in many cases to device suitable micromethods for the study of 
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active systems by simpler in vitro methods. Thus, following our demon¬ 
stration of the 11-hydroxylation of DOC, confirmation of this reaction in 
adrenal slices, breis, and homogenates was soon accomplished (Hayano 
et al, 1949) (Savard et al, 1950) (McGinty et al, 1950) (Haines, 1952). 
It seems clear that a detailed characterization of the enzymatic system 
involved will not significantly be facilitated by perfusion work but requires 
enzymological techniques. In similar fashion, other reactions described in 
the perfused adrenal have likewise been demonstrated in homogenates 
such as the 17- and 21-hydroxylation of steroids (Hayano and Dorfman, 
1952) (Plager and Samuels, 1952), the conversation of A®-3/5-hydroxy to 
A^-3-ketosteroid (Samuels et al., 1951), and the condensation of C-2 frag¬ 
ments from acetate to corticosteroid hormones (Haines et al., 1951) 
(Haynes et al., 1952). The conversion of cholesterol to corticosteroid 
hormones has not as yet been achieved in simpler systems; studies involv¬ 
ing the latter system in perfused glands will continue to be useful until 
this system is achieved in homogenates or slices. While the examples cited 
above are drawn from a single field, corticosteroid biosynthesis, we suggest 
that the application of the perfusion method to the study of the metabolism 
of a variety of biologically active substances is bound to be profitable. 

Having discussed areas wherein perfusion may prove important, one 
general aspect of perfusion relative to other in vitro methods should be 
mentioned. With both slices and homogenates following the addition of 
substrate, the products of reaction accumulate. These products may either 
inhibit the rate of reaction or, depending upon specific conditions, may be 
further converted into secondary and tertiary products in a “noimal” or 
“abnormal” pathway. Moreover, as the reaction proceeds, the level of 
substrate declines continuously from its original concentration. Perfusion 
without recirculation of the perfusate provides an in vitro metabolic system 
wherein substrates can be administered at a constant concentration during 
the course of experimentation and products of reaction may be removed 
continuously in a manner comparable to the in vivo situation. 

SUMMAEY 

A description is given of the development of methods of perfusing iso¬ 
lated beef adrenal glands using 11-desoxycorticosterone as the substrate 
for the gland’s 11-oxygenating system. A study of the perfusion of DOC in 
various media by arterial and venous perfusion has led to the use of grav¬ 
ity flow through lacerated beef glands via the adrenal vein. The limita¬ 
tions of the perfusion method for the study of the enzymatic systems 
involved in corticosteroidogenesis as well as its use as a tool in general 
biochemical investigation are discussed. 
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/3-GLUCURONIDASE STUDIES IN INBRED MICE: 
ANDROGENIC HORMONES AND KIDNEY AND 
URINARY /3-GLUCURONIDASE ACTIVITY^ 

GUSTAVE RIOTTON and WILLIAM H. FISHMAN 

Cancer Research and Cancer Control Unit, and the Department of Biochemistry 
and Nutrition, Tufts College Medical School, Boston, Massaclmsetts 

INTRODUCTION 

T he effects of sex hormones on tissue /3-glucuronidase activity in 
inbred mice were reported in a previous paper (Fishman & Farmelant, 
1953). Among other findings, it was established that testosterone pro¬ 
pionate produced a marked elevation in kidney /3-glucuronidase in all inbred 
strains which were studied. In some preliminary histochemical experi¬ 
ments, it appeared that the enzyme was localized in both the lumina and 
in the epithelial cells lining the renal tubules. This suggested that some of 
the androgen-stimulated kidney /3-glucuronidase may be excreted in the 
urine. The present paper deals with experirrients designed to study this 
possibility. 


METHODS AND EXPERIMENTAL PROCEDURES 

Details may be found in a previous publication (Fishman and Farmelant, 1953) 
concerning types and source of animals used, the nature of the hormone treatment, 
types of controls, method of assay of ^-glucuronidase activity, etc. 

The routine of urine collection \Yas as follows. Often at two times in the day, 10 a.m. 
and 4 p.m. and always once each day, 4 p.m., the mice were induced to urinate into 
Wassermann test-tubes, by gentle pressure with the fingers on the bladder area. A 1 to 
10 dilution was prepared (0.1 ml. urined-0.9 ml. H 2 O) ordinarily, but 1 to 50 and 1 to 
100-fold dilutions were required for the assay of ^-glucuronidase-rich urines. When the 
amounts of urine were insufficient, specimens of two or more mice in the same group 
were pooled. 

A period of incubation was selected in which not more than 5% of the substrate 
phenolphthalein glucuronic acid present in the digest was hydrolyzed (1 hour for ^-glu¬ 
curonidase-rich and 18 hours for/3-glucuronidase-poor urines). The amount in micrograms 
of phenolphthalein liberated was measured (Fishman, Springer and Brunetti, 1948) and 
the urinary (3-glucuronidase (phenolphthalein units) expressed in terms of 1 hour incu- 

Received for publication January 23, 1953. 

^ Presented at the 43rd Annual Meeting of the American Association for Cancer 
Research, April 11, 1952, New York. 

^ This investigation was supported in part bj'^ a research grant from The National 
Cancer Institute, of the National Institutes of Health, Public Health Service, and by an 
Institutional Grant from the American Cancer Society, Inc., New York. 
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bation of undiluted urine (100 ml.). No difference in urinary (3-glucuronidase was found 
in urines, one aliquot of which was assayed immediately and another aliquot being al¬ 
lowed to remain stoppered in the refrigerator for as long as 3 days before assay. The pos- 


KIDNEY 

U/GM 


KIDNEY AND URINE 
/3- GLUCURONIDASE ACTIVITY 

EXPT. 64 c 


URINE 
U/lOO ML 



Fig. 1. Kidnej' and urinary ^-glucuronidase activities in DBA female mice injected 
for 16 days with 2.5 mg. daily of testosterone (Oreton F, Schering, aqueous suspension). 
Each white circle represents toe average of ^-glucuronidase values of the kidne 3 ’s of 3 
mice and each black circle, the /3-glucuronidase activity the value of fresh pooled urine 
of the surviving animals at the corresponding experimental daJ^ 

sibility of contamination of the urine by ^-glucuronidase-rich bacteria is considered re¬ 
mote on the basis of negative control experiments with toluene-preserved and non- 
preserved urines. The design of the experiments is readily understood from the material 
l>resented under results. 
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* Each of 12 DBA female mice 3 months old received 2.5 mgm. of an aqueous suspension of testosterone propionate daily for 60 days. Urine was collected once daily wlien 
po‘=;sible for 25 days after injections began. 

t Insuflicient specimens were pooled for ^-glucuronidase assays. The numbers in parenthesis identify the mice supplying this urine. 
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RESULTS 

Urinary and renal ^-glucuronidase in androgen treated mice. Results of a 
representative experiment of this study are given in Table 1. Urinary 
^-glucuronidase concentration was determined in individual female DBA 
mice from 7 days prior to and during 25 days of daily injections of testos¬ 
terone propionate. It may be noted that in the control period the urines 
were negative (43 specimens from 12 mice collected individually over a 
6-day period). Positive indications of the excretion of jS-glucuronidase were 
found in eleven mice by the fourth day of hormone administration. In the 
case of each of the 12 mice, the urinary /3-glucuronidase levels continued to 
rise as a rule. These rose rapidly in the first days and less so in the later 
period of observation. Six of these mice, sacrificed at 26, 27 and 28 days 
exhibited renal /S-gliicuronidase activity much greater than normal. By 60 
days of treatment, the renal ^-glucuronidase was still high. 

Time relationships in the androgen-induced renal and urinary ^-ghicu- 
ronidase response. Essentially the same experimental conditions were 
followed as in the experiment described in the preceding paragraph, except 
that groups of several mice were sacrificed at regular intervals in order to 
measure the kidney /3-glucuronidase activity during the 16-day period of 
testosterone administration (Fig. 1). Both kidney and urine /3-glucuroni- 
dase exhibited significant increases on the third day of the experiment and 
the rate of increase in enzyme activity for both was similar. 

Histochemical localization of renal ^-glucuronidase in androgen-stimulated 
mice. The method of Friedenwald and Becker (1948) utilizing the substrate, 
8-OH, quinoline glucuronic acid, was applied to thin sections of kidneys 
taken from mice treated with androgen. Plate I illustrates the localization 
of the stain, representing /3-glucuronidase activity, in the tubules of the 
cortex. This section is representative of many such from experiments on 
androgen-stimulated kidneys. 

DISCUSSION 

In attempting to evaluate the experimental evidence concerning the 
possible excretion in the urine of androgen-stimulated renal ^-glucuroni¬ 
dase, it is of interest to review information concerning kidney and urinary 
^-glucuronidase. Two phenomena have been described; one is the sex 
difference of kidney jS-glucuronidase noted in certain strains of inbred 
mice (Morrow, Carroll and Greenspan, 1951, Fishman and Farmelant, 
1953) and the other is the low renal glucuronidase of C3H mice (Morrow, 
Greenspan and Carroll, 1949, Fishman and Farmelant, 1953). It is found 
in this laboratory: (1) that in strains showing sex differences (e.g. DBA, 
White Swiss) urines from male mice w'ere almost alwmys richer in |3-glu- 
curonidase than those collected from female animals and (2) that C3H mice 
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Plate I. Localization of j3-glucuronidase in the kidney of a C3H male mouse treated 
with testosterone-propionate for 30 days. Period of incubation with 8-OH quinoline 
glucuronide 18 hours. )3-Glucuronidase activity 14,000 units/gram. Magnification 400 X- 
Section is 10^ in thickness. 

with very few exceptions excrete no iirinary |3-glucuronidase in contrast 
to the high /S-glucuronidase mice (DBA and White Swiss mice, particularly 
of the male sex) (Riotton and Fishman, unpublished). 

The present data demonstrate that the administration of testosterone 
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propionate to mice induces an increase in (3-glucuronidase of the renal 
tubules with an augmented level of this enzyme appearing in the urine. 
In addition to the studies in female DBA mice, qualitatively identical 
results were observed in male White Swiss mice given testosterone pro¬ 
pionate or methylandrostenediol and in C 3 H male mice receiving testos¬ 
terone propionate. 

An insight into the mechanism of the urinary excretion of jS-glucuroni- 
dase in animals given androgen is gained from Figure 1 which shows the 
time relations in /3-glucuronidase activity for kidney and urine. Thus, it is 
clear that jS-glucuronidase in significant amounts is found in the urine not 
before but on the first day an increase in kidney jS-glucuronidase wms 
observed. It appears that the enzyme finds its way from the kidney tubules 
directly into the urine without delay and suggests a phenomenon localized 
to the genito-urinary apparatus. 

Many histological preparations of kidneys from androgen-treated 
animals did not reveal pathological changes. Although the urine of DBA 
and other mice normally contains protein in small amount, it was possible 
to detect the excretion of abnormal amounts of protein in the urine of 
androgen-treated animals. The question of how' much of this protein is 
iS-glucuronidase remains to be answered. 

A discussion of the relevance of other important considerations, such as 
the renotrophic effects of androgens, to the phenomena reported in this 
and the previous paper is being reserved for a later communication. 

StFMMAKT 

Testosterone propionate increased by substantial amounts the excretion 
of d-glucuronidase in the urine of mice. This phenomenon was accompanied 
by the simultaneous elevation of ( 3 -glucuronidase activity in the kidney 
tubules. Under the conditions of the experiments, significant augmentation 
in both renal and urinary ( 3 -glucuronidase of androgen-treated DBA mice 
was observed by the third experimental day. 
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THE INACTIVATION OF INSULIN BY LIVER 
SLICES OF THE RAT' 

I. ARTHUR MIRSKY and GLADYS PERISUTTI 

Department of Clinical Science, School of Medicine, University of 
Pittsburgh, Pittsburgh, Pennsylvania 

T he demonstration that extracts of rat liver contain an insulin¬ 
inactivating system (insulinase) (Mirsky and Broh-Kahn, 1949) and 
an inhibitor of this system (insulinase-inhibitor (Mirsky, Simkin and 
Broh-Kahn, 1950) raises the possibility that the rate of insulin inactivation 
within the intact cell is determined by the balance of activity resulting 
from the mobilization of either of the two systems. Since the assay of the 
enzymatic activity of extracts may not represent the “working” activity 
of the cell prior to disintegration by homogenization, it was deemed 
essential to investigate the inactivation of insulin by relatively intact cells 
such as comprise surviving slices of liver. 

METHODS 

Fed male rats of from 150 to 200 gm. in weight were decapitated and as much blood 
as possible was drained from the carcass of each animal. The liver was removed and 
placed in cold phosphate buffer, pH 7.4. Slices of approximately 1 cm^ in size were pre¬ 
pared with a Stadie-Riggs apparatus (Stadie and Riggs, 1944). After blotting gentU with 
filter paper, the slices were weighed and the desired amount placed into a Warburg flask 
containing 2 ml. of the phosphate buffer in the main compartment and 3 units of in¬ 
sulin in 1 ml. of buffer in the side-arm. When insulinase-inhibitor was employed, it was 
dissolved in the buffer containing the insulin. After gassing for 5 minutes with 95% 
oxygen+5% CO 2 mixture, the contents of the side-arm were dumped into the main com¬ 
partment, the flasks were shaken at a rate of 116 cycles per minute and maintained at 
37° C. At the end of the incubation period, 1.5 ml. of the incubation mixture, representing 
an original content of 1.5 units of insulin, were removed for immediate assaJ^ The slices 
were dried overnight to constant weight. 

The inactivation of insulin during the incubation with liver slices was estimated by 
the effect of the 1.5 ml. aliquots of the incubation mixture on the blood sugar of rabbits 
fasted overnight. Blood samples were drawn prior to and at 30 and 60 minutes after the 
intravenous injection of the incubation mixture. The change in the blood sugar con¬ 
centration was expressed as the percentage of the average of two fasting sugar levels 
determined prior to injection. The sum of the percentages of the 30 and 60 minutes blood 
samples were designated as the “pooled percentage of initial blood sugar” wl\ich, in turn, 
served as a semiquantitative estimate of the insulinase activity of the liver slices. Thus, 
if no insulin were destrojmd during incubation, the “pooled percentage” would be low 
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whereas if all the insulin were destroyed, the blood sugar level would remain unchanged 
and the “pooled percentage” would equal 200. Two sets of an equal amount of slices 
were prepared from each liver and then assayed as above. The mean of the “pooled 
percentage” of the tw’O rabbits was used as the estimate of the insulinase activity of each 
liver. 

Two sets of controls were performed; one set consisting of slices incubated in buffer 
without insulin and the other of buffer with insulin incubated as described but without 
slices. 

Amorphous insulin assaying about 22 units per mg.’* wms utilized. The insulinase- 
inhibitor w'as prepared from fresh beef livers bj^ the procedure described in a previous 
communication (Mirsky, Simkin and Broh-Kahn, 1950). The blood sugar concentration 
was determined by Nelson’s method (Nelson, 1944). 

RESULTS 

The injection of 1.5 ml. of the phosphate buffer after incubation with 
liver slices in the absence of insulin produced insignificant changes in the 
blood sugar of rabbits. Ten sets of slices, ranging from 7.3 to 33.7 mg. dry 

Table 1. Inactivation of insulin bt different preparations 
OF equivalent amounts of liver 

Homogenates prepared with phosphate buffer, pH 7.4. Supernatant prepared by cen¬ 
trifugation of homogenate at 18,000 for 20 minutes. Slices prepared as described in te.vt. 
Incubation mixture made up to contain equivalent of 250 mg. liver fw’et weight) in total 
volume of 3 mi. phosphate’buffer containing insulin. Rabbits injected with volume of mix¬ 
ture which originally contained 1.5 units. 


Preparation 

Insulin 

incubated 

(units) 

Incubation 

period 

(minutes) 

Insulinase 

activity 

(“pooled percentage”) 

Homogenate 

12 

30 

215 

Supernatant 

12 

30 

105 

Slices 

12 

120 

87 

Slices 

3 

30 

108 

Slices 

3 

120 

149 

Slices 

3 

180 

200 


weight, were incubated for two hours and then assayed as described. 
The resultant mean “pooled percentage” was 204.3 (S.E. ±0.45) which 
does not differ significantly from that resulting from the injection of 1.5 
ml. of untreated buffer. Accordingly, the incubation of liver slices in phos¬ 
phate buffer does not release any factor which can produce a change in the 
blood sugar of rabbits. 

Assays of 1.5 ml. phosphate buffer containing 1.5 ml. units of insulin 
after incubation for two hours without liver slices were performed con¬ 
comitantly with assays of buffer incubated with slices. The mean “pooled 
percentage of the initial blood sugar” produced by the insulin was 73 
(S.E. + 5.7). 

In ord er to evaluate the relative efficiency of homogenates and slices in 

* V e are indebted to the Eli Lilly Companj' for generous supplies of insulin. 
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the inactivation of insulin, preparations of equivalent amounts of liver 
were studied. As is indicated in Table 1, homogenates and the supernatants 
after centrifugation at 18,000 g. have a greater insulinase activity than do 
slices of liver. 

The relation between the quantity of liver and the inactivation of insulin 
was determined by incubating insulin with from 1 to 6 slices for 120 
minutes. The data obtained in 54 experiments are depicted in Figure 1 
from which it is apparent that the greater the quantity of liver, the 
greater the insulinase activity. In spite of the scatter of the data, the 
regression coefficient of the insulinase activity ("pooled percentage”) on 
the dry weight of the slices was highly significant (b =2.2078; P <0.001). 

The relation between insulinase activity and length of incubation was 
determined by keeping the quantity of slices constant and varying the 
period of incubation. The data thus obtained are illustrated in Figure 2 
for two different amounts of slices. It is apparent that the rate of insulinase 
activity, as indicated by the regression of the "pooled percentage” on the 
time of incubation, is essentially the same for slices weighing 28.0 (S.E. 
±0.9) mg. (b = 0.5406) as for slices weighing 61.5 (S.E.±1.3) mg. 
(b = 0.5853), although the amount of insulin destroyed at any particular 
interval is greater with the larger quantity of liver. Analysis of variance 
rqvealed that the differences between the activity at 60 and 120 minutes 
and between 120 minutes and the other intervals were highly significant 
(P <0.001). 

Since fasting produces a marked diminution in the insulinase activity of 
liver extracts (Broh-Kahn and Mirsky, 1949), it became pertinent to 
determine the influence of fasting on the activity of liver slices. Figure 3 
illustrates the insulinase activity (mean ± S.E.) obtained with slices from 
the livers of 40 rats fasted for 72 hours. When slices of less than 30 mg. dry 
weight were employed no significant difference could be demonstrated 
between those from livers of fed and fasted rats. With larger quantities of 
liver slices, however, the activity was significantly higher in those from 
fasted animals. It is noteworthy that even with the smallest amount of 
liver, no diminution of activity occurred in slices of liver from fasted rats. 

In order to determine the influence of insulinase-inhibitor (Mirsky, 
Simkin and Broh-Kahn, 1950) on the insulinase activity of slices from the 
livers of fed rats, 36 experiments were performed with slices incubated for 
120 minutes in phosphate buffer containing insulin and slices in buffer 
containing both insulin and insulinase-inhibitor. The quantity of inhibitor 
employed in each instance was equivalent to 20 gm. of fresh liver. Figure 
4 illustrates the mean ± S.E. activity for slices grouped according to dry 
weight. Analysis of variance revealed that within each group of slices the 
presence of inhibitor produced a highly significant diminution in insulinase 
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Fig. 3. Effect of fasting on inactivation of insulin by liver slices. The “pooled per¬ 
centage” (mean + S.E.) after incubation of insulin with slices from fed rats (open boxes) 
and with slices from rats fasted 72 hours (cross-hatched boxes). 

activity (P <0.001). The same statistically significant difference was 
established when the dry weights of the liver slices were not grouped and 
analysis of covariance was employed. 



Fig. 4. Effect of “insulinase-inhibitor” on the inactivation of insulin by livei 
slices. The “pooled percentage” (mean + S.E.) after incubation of insulin with slices 
without addition of inhibitor (open boxes) and with slices in presence of inhibitor (ci oss- 
hatched boxes). 
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DISCUSSION 

Like homogenates and extracts of liver (Mirsky and Broh-Kahn, 1949), 
surviving liver slices inactivate insulin in vitro. This inactivation is depend¬ 
ent both upon the quantity of liver employed and the length of the incuba¬ 
tion period. As with homogenates, the addition of insulinase-inhibitor 
(Mirsky, Simkin and Broh-Kahn, 1950) to the incubation mixture results 
in a significant reduction in the insulinase activity of liver slices. With 
slices, however, the spontaneous rate of insulin inactivation is much 
slower than with homogenates of equivalent amounts of liver. Conse¬ 
quently, it may be concluded that wdthin the intact cell, only a portion of 
the potential insulinase is active; the remainder being inhibited by an 
insulinase-inhibitor. 

The insulinase activity of homogenates or extracts from fasted rats is 
markedly diminished (Broh-Kahn and Mirsky, 1949). SUces of liver from 
similarly fasted rats, however, exhibit a definite tendencj’' to destroy more 
insulin than do those from fed rats. Since the inactivation of insulin proba¬ 
bly is dependent upon the balance betiveen insulinase and insulinase- 
inhibitor, the discrepancy between the activity of homogenates and that 
of slices of livers from fasted rats may be attributed to a greater decrease 
in the inhibitor than in the insulinase. 

It is apparent from the preceding that the assay of homogenates or 
extracts of liver cannot yield an adequate measure of the rate of insulin 
inactivation by the intact cell. The slice, however, does provide a measure 
of the balance between insulinase and insulinase-inhibitor activities, and 
therefore may be representative of events as they occur in vivo. Accord- 
ingly, an increase in the rate of insulin inactivation should occur in the in¬ 
tact fasted rat. Since insulin production by the pancreas is decreased 
during fasting (Best, Haist and Ridout, 1939), 'the increased rate of 
insulin inactivation should result in a relatwe insulin insufficiency. Further, 
with an increase in insulinase activity, exogenous insulin should be less 
effective since only a portion of the quantity administered wall escape 
inactivation. 

The aforementioned postulates are in accord with established data 
concerning the phenomenon of “starvation diabetes.” Thus, the fasted 
animal not only responds to the ingestion of carbohydrate wuth a typical 
diabetic tolerance” curve, but also shows a decreased hypoglycemic re¬ 
sponse to the injection of insulin (Chambers, 1938). 

The relevance of insulinase and insulinase-inhibitor to the etiologj'' of 
diabetes mellitus in man is difficult to evaluate at the present time. The 
piesence of these factors in extracts ofTiver and the demonstration that 
they are effective in the intact cell lends support to the hy^pothesis that 
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an insufficiency of insulin may result from an increased destruction of 
insulin either in consequence of an increase in insulinase activity or of a 
decrease in the availability of the insulinase-inhibitor (Mirsky, 1951). 

SUMMARY 

The insulin-inactivating activity (insulinase) of slices of liver is much 
less than that of homogenates or extracts of equivalent amounts of liver. 

Insulinase activity is related directly to the quantity of liver slices 
employed and to the length of incubation. 

In the presence of an inhibitor extracted from liver (insulinase-inhibitor), 
the insulinase activity of liver slices is markedly reduced. 

Whereas fasting results in a diminution in the insulinase activity of 
homogenates and extracts of liver, slices of liver from fasted rats tend to 
have an increased activity. It is proposed that the insulin-inactivating ca¬ 
pacity of liver slices is dependent upon the balance of insulinase and 
insulinase-inhibitor activities, and that with fasting there is a greater 
reduction in the inhibitor than in the insulinase. 

The phenomenon of “starvation diabetes” may be atrributed in part 
at least to a relative increase in insulinase activity. 
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THE THYROID STIMULATING HORMONE OF THE 
ANTERIOR PITUITARY^ AS DISTINCT FROM THE 
EXOPHTHALAIOS PRODUCING SUBSTANCE' 

BROWN M. DOBYNS and SANFORD L. STEELMAN 

Department of Srtrgery, Tresiern Reserve University School of Medicine at City Hospital. 
Cleveland, Ohio, and the Fundamental Research Department, 

The Armour Laboratories, Chicago, Illinois 

F or almost two decades it has been known that anterior pituitary 
extracts when injected into animals produce hyperplasia of the thyroid 
and exophthalmos. Probably owing to the frequent coexistence of these 
two features in patients with Graves’ disease, it has been generally assumed 
that tlie lij’perplasia of the thyroid and the exophthalmos in the experi¬ 
mental animals were caused by the same pituitary factor, the thyroid 
stimulating hormone (TSH). 

From observations (Dobyns, 1946a, 1946b) on the exophthalmos 
producing activity of a variety of TSH preparations, it has become appar¬ 
ent that more striking exophthalmos was produced by some extracts than 
others although hjqjerplasia of the thyroid was produced bj’’ all. It has been 
reported by Jefferies (1949) that following the iodination of pituitary 
extract the thyroid stimulating material was inactivated but some exoph¬ 
thalmos producing activity remained. On the other hand, Dobjms and 
Rawson (1951) have found that an extract rich in TSH when exposed to 
thjToid tissue slices in vitro lost the capacity to produce both responses. 

Albert (1945) has shown that the Fundulus, the common Atlantic 
"mmnow,” {F^mdulus heteroclitus, Linn.) will develop exophthalmos 
following the administration of small amounts of anterior pituitary extract. 

Albert (1945) tested a variety of prepared endocrine substances as well 
as six anterior pituitary hormones (in various degrees of purification) 
'vhich he had prepared from pituitaries of sheep. lie observed that the 
exophthalmos producing activit 5 '' paralleled only the thyrotropic activity 
and that preparations of follicle stimulating hormone and luteinizing 
hormone which produced exophthalmos also caused hyperplasia and 
Jb'pertrophy of the thyroid. 

Tlie purpose of this study has been to determine the exophthalmos 
P i-oducm g quality of a large number of anterior pituitary fractions which 
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had been prepared in a variety of ways and for a variety of purposes and 
for which some assay data concerning some anterior lobe hormones were 
available. It became apparent from the study of some preparations that 
the exophthalmos producing and the thyroid stimulating activities did 
not necessarily parallel one another. These observations have led to the 
separation of thyroid stimulating hormone (TSH) from the exophthalmos 
producing substance (EPS). 


METHODS 

Groups of 8 to 12 Fundulus were placed in stainless steel tanks. Three to six groups 
of fish were used in each experiment. One group of fish received normal saline; one group 
of fish received a standard pituitary extract for which a known exophthalmos producing 
response had been determined; and the remaining groups received various unknown 
preparations. 

The material to be tested was weighed and then dissolved in normal saline. A single 
dose of 0.25 mg., or a fraction thereof, in 0.25 ml. of saline was injected intraperitoneally 
by introducing a jf2Q needle through the vent and the wall of the bowel. Many fractions 
and subtractions of pituitary extracts rich in various trophic substances as well as the 
by-products of purification procedures were tested. 

Colored thread was placed through and tied in the lower lip of each fish so that in¬ 
dividual identification was possible. The intercorneal distance on each of the fish was 
measured to 0.1 mm. by means of an improved caliper method modified after that de¬ 
scribed by Dobyns (1945). Such measurements were made on each fish before and at 
intervals following the administration of the material tested. The degree of exoph¬ 
thalmos was calculated as the percentage increase in the intercorneal distance in each 
fish. The average percentage change among the fish of each group was thus obtained.^ 

The amount of TSH in the various preparations was determined in day-old, male, 
white leghorn chicks by one or several modified methods: 1) the increase in th 3 ’-roid 
weight (Bergman and Turner, 1939); 2) the depletion of iodine from the thjToid (Pio- 
trowski et al., 1953); 3) the increase in mean cell height of the thyroid (Rawson and 
Salter, 1940). 


KESULTS 

As a result of screening a large number of pituitary fractions, it was ob¬ 
served that a few fractions which contained appreciable amounts of TSH 
produced relatively little exophthalmos; conversely, a few preparations 
which contained relatively little TSH produced obvious exophthalmos. 
Some of the results of these assays are shown in Table 1. See Figure 1. 

With the above assay data available, an analysis of the various chemical 
procedures used in the preparation of these pituitary fractions pointed the 
way to a method for specifically separating the TSH and the EPS in 
appropriate pituitary extracts. Since thyrotropin preparation No. 11 


^ This method of assaj^ differs from that of Albert (1945) in two ways. Albert classified 
the exophthalmic response as present or not present in each fish when grossly compared 
to controls. The value for each group of fish was recorded as the percentage of positive 
responses. 
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Table 1. The assay of exophthalmos pboddcing substance (EPS) in 
A variety of pituitary fractions* 


Unknown 

Gonstituents= known to 
be present 

Av. % increase intercorneal distance 

prepara¬ 

tion 

Unknown 

KD44A 

(standard) 

Saline 

control 

1 

TSH 83% 

14.3+2.7 

15.1+2.3 

16.4 + 1.5 
15.5±2.3 

0.5 + 1.0 
0.5+1.7 

2 

TSH 38% 

5.3±1.8 

16.4 + 1.5 

0.5 + 1.0 

.3 

TSH 35% 

2.5 + 1.0 

16.4 + 1.5 

0.5+ .0 

4' 

TSH 28% 

2.4 + 1.1 

19.0+3.3 

2.8+2.4 

5 

TSH 45% 

8.3+0.9 

19.0+3.3 

2.8+2.4 

6 

TSH 55% 

15.0+3.0 

16.1+2.8 

2.8 + 1.8 

7 

TSH 10%; LH high; FSH low 

19.9+2.7 
19.2 + 0.59 

16.1 +2.8 
15.6+2.0 

2.8 + 1.8 
-0.9+0.6 

8 

TSH low; LH low; Prolactin 

3.0+0.8 

14.3+2.3 

2.6+0.7 


high 

4.8 + 1.5 

11.8 + 1.7 

2.5 ±0.2 

9 

TSH 150-200%; LH low; Pro¬ 
lactin low 

6.2 + 1 .2 

11.8 + 1.7 

2.5+0.2 

10 

TSH 30%; LH low; FSH high 

3.8 + 1.2 

14.1+1.9 

-0.7+0.8 

11 

TSH 1000%; LH low 

2.2+2.6 

13.1+2.6 

1.2 + 1.0 

12 

TSH 10%; LH high 

10.5+0.6 

5.3 ±2.7 

0.5 + 1.1 

13 

AGTH moderate 

0.1 +1.6 

12.5+1.8 

— 

14 

TSH 100%; LH low; Growth 
low; ACTH low 

19.4±2.1 

! 

17.8+2.1 

0.5+1.4 

15 

1 

TSH 300%; LH low; Growth 
low; FSH low 

18.4±2.4 

16.5+2.7 

-2.1 ±1,5 

16 

Growth high 

0.2 + 2.0 

16.4 + 1.5 

0.5 + 1.0 

17 

TSH 100%: LH very high 

17.7±2.5 

16.8 + 1.9 

0.6+0.47 

18 

FSH high; TSH <10%; ACTH 
0.0096 USP g/mg.; Growth 
nil 

0.5±0.56 

10.0 + 1.36 

1.0+0.85 

19 

TSH very low; LH high; FSH 
high 

7.4±3.17 

14.8 + 4.44 

0.6 + 1.81 


It will be noted that in Experiments #7, #11, #12, and #19, the known potency of TSH 
did not coincide with the exophthalmos producing activity demonstrated, 
mg. of powder used per fish. 

on ^®H=Thyroid Stimulating Hormone potency, recorded as per cent of Armour standard 
“K3 (see #14) which is regarded as 100%; LH = Luteinizing Hormone; FSH = Folhcle 
stimulating Hormone; ACTH = Adrenocorticotropic Hormone; and Growth = Growth Hor¬ 
mone. 



iG. 1. An example of the exophthalmic response produced in Fundulus by the ad- 
'iinstiation of an anterior pituitary extract rich in the exophthalmos producing sub- 
- ance (EPS). The intercorneal distance of the fish on the left increased 13.2% in 6 houis. 
m sh on the right served as a control. 
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Table 2. Assays of exophthalmos producing substance (EPS) in the residue (R) and 
SOLUBLE (S) fractions PREPARED FROM PITUITARY EXTRACTS KNOWN TO HAVE A CAPACITY 
TO STIMULATE THE THYROID AND TO PRODUCE EXOPHTHALAIOS 


Average percentage increase in intercorncal distance' 


Preparation 

1 

Unknown 

KD44A 
(standard) 
0.25 mg. 

Saline 

(control) 

1 

0.25 mg. 

0.125 mg. j 

152 

14.5+2.1 

10.5 + 1.8 

11.8 + 1.7 

0.59 + 1.0 

183S 1 

(18.4+2.4) 

0.3±0.55 

(12.4±1.7) 

-0.7 + 1.0 1 

11.7 + 1.7 

0:59 + 1.6 

183R 

13.0±1.52 

7.2 + 1.07 

11.7±1.7 

0.59±1.6 

IRW2 

22451 

224 5 2 

224 R 2 

-1.4±0.71 

-0.9+0.79 

7.6±1.7 


9.7 + 1.82 

1 9.7 + 1.82 

9.7±1.82 

1 

0.14±0.82 

0.14+0.82 

0.14+0.82 


Compare the results of the EPS assays on the residue (R) and soluble (S) fractions appear¬ 
ing in this table with the results of the TSH assays on the same fractions appearing in Table 
3. EPS is contained in the R fractions. 

' All percentages are expressed as a positive increase unless specified by a minus sign. 
Maximal increase in intercorneal distance usually occurred about 6 hours following injec¬ 
tion. Therefore, the data acquired in 6 hours have been recorded. In instances where further 
increase was observed at 17 hours, the values have been recorded in parentheses. 

^ Starting material (same preparation as No. 15, Table 1). 

(Table 1) contained little if any exophthalmos producing activity, yet the 
material from which it was derived was rich in it; and since it represented 
the soluble fraction from trichloracetic acid precipitation, this method 
was applied to a new starting material, pituitary extract No. 15, which 
had been found to produce both exophthalmos and thyroid hyperplasia. 

Beef thyrotropin (No. 15 in Tables 1 and 2) was dissolved in distilled 
water to make a 1% solution. Trichloracetic acid^ was added to make a 
concentration of approximately 8%. After thorough stirring, the mixture 
was allowed to stand at 3-5°C. for 1 hour. Following centrifugation the pre¬ 
cipitate was separated from the supernatant, taken up in water (one-lialf of 
the original volume), brought to neutrality by the addition of sodium car¬ 
bonate, dialyzed until free of salt, and Ijmphilized. The supernatant solu¬ 
tion, that had resulted from the above trichloracetic acid precipitation, was 
also neutralized, dialyzed, and lyophilized. The activities of EPS and TSH 
in the residue (183R) and in the supernatant (183S) were assayed. The 
EPS was entirely confined to the residue fraction (18311) and the TSH 
was predominantly in the soluble fraction (183S). The results of the assa}'’ 
for EPS in each fraction are shown in Table 2. The results of several 
methods of assay for TSH in these fractions are shown in Table 3. 

^ Trichloracetic acid precipitation has been used by some authors (Loeser, 1932; 
Ciereszko, 1945; Albert, 1949) as a step in the purification of th 3 u-oid-stimulating activit}^ 
of pituitary extracts; however, in their purification procedure the TSH was recovered in 
the supernatant fluid and the precipitate served to remove materials other than TSH. 
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Table 3. Assays for TSH in fractions listed in table 2 



Total 
dose/chick 
(gamma) 

Av. chick 
thy. wt.' 

Control 
thy. wt.i 

Mean cell 
ht. (microns)- 

Iodine, 

depletion' 



Control 
(2.89±.040) 


15* 

50 

4.19 + .44 

3.53+ .22 




100 

6.35+.49 

3.53±.22 


1.2-1.3 "u/mg. 


200 

6.85±.48 

3.53+ .22 



400 

7.13 + .45 

3.98+ .15 

5.38+ .038 


1S3S 

50 

5.35 + .30 

3.53+ .22 




100 

5.72±.40 

3.53+ .22 


3.5 u/mg. 


200 

5.11+.44 

3.53+ .22 



400 

6.88+ .53 

3.98+ .15 

5.02+ .02 


183R 

50 

4.35+ .29 

3.53±.22 




100 

4.82+ .41 

3.53+ .22 


0.6 +0.8 u/mg. 


200 

5.81+.28 

3.53+ .22 



400 

5.50+ .36 

3.98+ .15 

3.79+ .036 


IRW' 


Control 
(2.73 ±.034) 


224Si 

100 

6.49 + .28 

3.97+ .18 

5.25 + .034 

2.0 n/mg. 

224S: 

100 

8.26+ .45 

3.97+ .18 

5.84+ .063 

3-4 g/mg. 

224R. 

100 

4.78+ .16 

3.97+ .18 

3.40 + .033 

0.25 #i/mg. 


Compare the results of the TSH assays on the residue (R) and soluble (S) fractions 
appearing in this table with the results of the EPS assays on the same fractions appearing 
in Table 2. Most of the TSH is in the S fraction. It was shown in Table 2 that EPS was con¬ 
fined to the R fraction. 

' Based on 9 to 11 chicks per group. 

^ Based on 7 to 10 thyroids in each group. A representative cell in each of 50 acini was 
measured in each gland. 

’USP units. 

* Starting material (same preparation as No. 15, Table 1). 

Starting material. 


Although TSH was thus obtained free from EPS, the EPS fraction 
contained some TSH. In order to confirm the above observations and to 
improve the purification of the EPS, another new starting material (pitui¬ 
tary extract, No. IRW) was treated in the same manner as described 
above except that the precipitate produced by trichloracetic acid (residue 
fraction No. 224Ri) was suspended in enough water to effect solution and 
reprecipitated with trichloracetic acetic acid as above. The double pre¬ 
cipitation procedure thus yielded two soluble fractions (1st, No. 224Si; 
2nd, No. 224 S 2 ) and one residue fraction (224R2). In Tables 2 and 3, it 
may be seen that the two soluble fractions (224Si and 224 S 2 ) contained 
TSH free of EPS, and that the reprecipitated residue fraction ( 224 R 2 ) 
contained EPS which was relatively free from TSH. It is also evident 
that considerable TSH was removed from tlie first residue fraction liy the 
re-precipitation procedure. 
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DISCUSSION 

The experimental evidence which has been presented indicates that 
when anterior pituitary extracts are administered to animals, TSH per se 
is not responsible for the development of exophthalmos. It appears that 
there is another substance which produces the exophthalmos. We Ib^ve 
proposed to call this exophthalmos producing substance (EPS). 

These observations give support to the suspicion registered by one of 
the authors (Dobyns, 1946a, 1946b) and Jefferies (1949) that TSH might 
not be the substance which produces exophthalmos. Since known as well 
as unknown factors still remain in most anterior pituitary preparations, 
it is possible that a substance which inhibits exophthalmos may be removed 
from some preparations while being concentrated in others. This question 
is raised because thus far the EPS preparations still appear to have some 
TSH impurities in them. The possibility of an inhibitory substance being 
responsible for these findings seems very unlikely since it is possible to 
eliminate EPS from TSH and to eliminate TSH almost entirely from EPS 
(see Tables 2, 3; 224 series). 

The theory that TSH per se is responsible for clinical exophthalmos has 
not been consistently supported by the results of assays in clinical subjects 
(Starr and Rawson, 1937; Purves and Griesbacli, 1949), The failure to 
show a high titre of TSH in all patients suffering from progressive exoph¬ 
thalmos has perhaps been more frequently attributed to the inadequacy 
of the assay methods than to the possibility that TSH might not be re¬ 
sponsible for the problem concerning the eyes. As a result of the findings 
described here, an assay method for the exophthalmos producing substance 
in selected clinical subjects is now being explored. 

SUMMARY 

It has been found in a variety of pituitary extracts studied that the 
thyroid stimulating hormone (TSH) and the exophthalmos producing 
substance (EPS) in anterior pituitary extracts do not always parallel one 
another. An analysis of the various chemical procedures by which these 
preparations were obtained lead to the separation of TSH from EPS, 
These two substances were separated by their differential solubility in 
trichloracetic acid, EPS was assayed in Fundulus and TSH was assayed 
in day-old chicks. The results indicate that EPS and TSH are not the 
same substance. 
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RESPONSE OF INBRED LINES OF CHICKENS 
TO THIOURACIL^ 


F. N. ANDREWS, S. R. MILES and 0. S. DAVIS' 

Purdiie University, Lafmjelie, Indiana 

I T HAS long been known that there are wide species, sex and age differ¬ 
ences in thyroid activity. It is also known that environmental factors 
such as season and temperature, iodine intake, pituitary activity, adminis¬ 
tration of goitrogens and the alteration of endocrine activity by other 
means may have a profound effect on thyroid function. In recent years 
evidence has been accumulating with respect to the influence of genetic 
makeup or constitution on thyroid function within species. 

During the past half century poultry breeders have greatly improved 
the type, productivity and efficiency of the various breeds of chickens such 
as the White Leghorn, Barred Plymouth Rock, Rhode Island Red, New 
Hampshire and others. In addition, they have developed strains or lines 
of these breeds which are especially noted for such characteristics as egg 
number, egg size, rate of growth, rate of feathering, and so on. With such 
changes in phenotj^pe and genotype, it is only logical to attempt to corre¬ 
late these differences with specific physiological characters. 

Several investigators have reported breed and strain differences in 
thyroid activity of chickens. Schultze and Turner (1945) found that thy¬ 
roxine secretion rate on a body weight basis was greater in White Leghorn 
males than in White Plymouth Rock males. Mixner and Upp (1947) 
compared single cross hylDiid parents with their 4-way cross hybrid prog- 
enj'', and found increased thyroxine secretion rate in the hybrid offspring. 
They suggested that increased thyroxine secretion rate might be a factor 
in heterosis or hybrid vigor. Glazener, Shaffner and lull (1949) found 
that thyroxine secretion rate, measured only in female chicks, was higher 
in rapid-growing strains. Thyroprotein depressed growth in slow-growing 
New Hampshires and rapid-growing Barred Rocks. It was concluded that 
“each strain had a physiological optimum level of thyroid activity for 
growth, feed utilization and feathering.” El-Ibiary and Shaffner (1950) 
selected chicks for large and small thyroid size; selection was on a family 

Received for publication January 27, 1953. 
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basis from birds fed a normal ration. The chickens from lines selected for 
large and small thj'-roid size were then fed thioiiracil and it was possible to 
develop lines which differed in responsiveness to thiouracil. Boone et al. 
(1950) measured thjToxine secretion rate in fast- and slow-feathering 
Rhode Island Reds. Thyroprotein administration increased rate of feather¬ 
ing, in the slow-feathering straips. The daily d,l-th}TOxine secretion rate 
was slightly .higher in the slow-feathering Ijirds, although correction for 
body weight showed thyroxine secretion to be somewhat higher per unit 
of body weight in the fast-feathering chickens. These authors concluded 
that the evidence available does not indicate that slow-feathering is due to 
an inherentl}^ low thyroid secretion rate. 

The experiments reported in this study were carried out to compare 
various inbred lines of chickens in response to thiouracil. 

PROCEDURE 

Five distinct lines of Leghorn chickens, obtained from a commercial 
source, were used. 

Two separate pens of parent stock of line 1 were maintained. The chicks 
from these pens were designated as lines lA and IB and were supposedly 
of identical genetic make-up. The amount of inbreeding of each was, 
therefore, the same—37^%. Line 2 had been inbred for seven generations 
and had an inbreeding coefficient of 78%. Line 3 also had an inbreeding co¬ 
efficient of 78%, and line 4 an inbreeding coefficient of 59%. Line 5 was 
non-inbred. The 5 lines were not of common origin. 

Trials I and II were replications in successive weeks. In trial III a 
comparison was made of the variability within the liighly inbred line 2 
and line lA which had an inbreeding coefficient approximately lialf as 
great (37|%). In trial IV comparisons were made of crosses of 3 of tlie 
lines studied in the first 3 trials. It was anticipated that tlie 3 crosses would 
be similar; two crosses were reciprocal matings of lines 1 and 2. Tliere was 
also a cross of line 1 with line 3. Line 3 was similar to line 2 in 13-day 
gain, thyroid weight and relative thjToid weight, as may be seen in Table 
1 . Thus it was expected that the cross of lines 1 and 3 might be similar to 
the crosses of lines 1 and 2. 

The chicks were received on the second day after hatching. They had 
been sexed and were males, with the exception of a negligible number of 
females. Half the chicks of each group were fed a standard chick starting 
ration and the remainder received the same ration to which thiouracil had 
been added at a level of 0.2%. The initial weight of each chick wa.s taken. 
At the end of 13 dajvsthe chicks were again weighed and were then killed 
and the thjToid glands removed and weighed. 

The data analyzed were: 13-day gain in grams, thyroid weight in milli- 
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grams, and relative thyroid weight (thyroid weight as a percentage of body 
weight). 

The gains and the thyroid weights were analyzed as grams and milli¬ 
grams, respectively, and also as logarithms of those values. The object of 
making both analyses was to learn whether certain effects tended to be 
constant in absolute units or percentage-wise. No clear-cut conclusion is 
possible regarding the form in which the data have homogeneous variance, 


Table 1 . Effect of thiouracil on thyroid weight and 

RATE OF GAIN IN TRIALS I AND II' 


Line 

Inbreeding 

coefficient 

Thiouracil 

treatment 

Thyroid 

weight, 

mg. 

Thyroid wt. 
as % of 
body wt. 

13-day 

gain, 

gm. 

1 A 

37.5% 

None 

9.8 

0.0089 

75.2 



0.2% 

26.1 

.0295 

52.5 

I B 

37.5% 

None 

10.3 

.0096 

71.6 



0.2% 

24.0 

.0290 

49.8 

2 

78.0% 

None 

8.2 

.0099 

50.0 



0.2% 

13.1 

.0192 

,35.8 

3 

78.0% 

None 

7.5 

.0093 

51.1 



0.2% 

14.9 

.0223 

34.9 

4 

59.0% 

None 

9.8 

.0095 

67.0 



0.2% 

18.5 

.0217 

49.1 

5 

0 

None 

8.8 

.0074 

84.8 



0.2% 

25.5 

.0268 

58.3 


' The number of chicks of a line on a diet varied from 21 to 25. 


Table 2. A comparison of two inbred lines in response to 

THIOURACIL, TRIAL III 

Line 

No. of 
chicks 

Inbreeding 

coefficient 

Thiouracil 

treatment 

Thyroid 

weight, 

mg. 

Thyroid 
wt. as % 
of body 
wt. 

13-day, 

gain 

gm. 

1 A 

22 

37.5% 

None 

13.7 

.0124 

78.9 


43 


0.2% 

33.6 

.0359 

58.9 

2 

21 

78.0% 

None 

9.1 

.0102 

61.6 


38 


0.2% 

18.7 

.0272 

38.5 


since the evidence regarding homogeneity is conflicting in the various 
trials with the data in either form. However, the same conclusions were 
reached regarding the significance of line and diet effects regardless of the 
form in which the data were analyzed. 


RESULTS AND DISCUSSION 

The data for all 4 trials are summarized in Tables 1, 2, 3 and 4. 
Thyroid lueight 

As expected, thiouracil produced a highly significant (P <0.01) increase 
in thyroid weight in all 4 trials. In each of the 3 trials of inbred lines, the 
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lines differed highly significantly in thyroid weight. Also as expected, the 3 
crosses in trial IV had similar thyroid weights: These weight.s were very 
similar for the reciprocal crosses. The weight differences were also small 
between the reciprocal crosses and the thii'd cross. All of these differences 
were so small that they were far from significant. 

In each of the 4 trials, the increase in thyroid weight due to thiouracil 
varied from inbred line to inbred line or from cross to cross. (In other 
words, there was diet and line (or cross) interaction.) These variation.'^ 
(interactions) were highly significant whether the analysis was in milli¬ 
grams or logs. In the 4 trials, the weight of the thyroid with thiouracil 
was 194% to 241% of the weight without. 


Table 3. Effect of thiouracil on line crosses, trial iv' 


Line cross 

Thiouracil 

treatment 

Thyroid 

weight, 

mg. 

Thyroid wt. 
as % of 
body wt. 

13-day 

gain 

gm. 

1BX2 

None 

11.0 

.0106 

73.0 


0.2% 

25.3 

.0288 

56.0 

2X1A 

None 

11.0 

.0102 

74.1 


0.2% 

24.0 

.0265 

54.7 

1AX3 

None 

9.6 

.0097 

72.5 


0.2% 

29.7 

.0342 

57.5 


‘ The number of chicks of a cross on a diet was 12 or 13. 


Table 4. Variation of chicks of two inbred lines with different 

inbreeding coefficients, trial III 


Line 

Inbreeding 

coefficient 

Thiouracil 

treatment 

Standard 

deviation 

Coefficient 
of variation 

1 A 

37.5% 

13-day gain 
None 

8.9 gm. 

11% 

2 

78% 

None 

7.9 gm. 

13% 

1 A 

37.5% 

0.2% 

5.9 gm. 

10% 

2 

78% 

0.2% 

5.6 gm. 

15% 

1 A 

37.5% 

Thyroid weight 
None 

4.1 mg. 

29% 

2 

78% 

None 

3.8 mg. 

41% 

1 A 

37.5% 

0.2% 

8.8 mg.* 

26% 

2 

78% 

0.2% 

4.8 mg.* 

20% 


* Those 2 standard deviations differ .significantly (P<0.2%). The members nithin the 
others pairs of stand.ard deviations are not significantly different. 


For thyroid weight, the 5 lines performed .similarly with respect to eacli 
other in the various trials. There was moderate—but nonsignificant— 
evidence of diet and trial interaction for thjToid weight; the increase due 
to thiouracil was least in trial II and most in III. 

Rclalive thyroid weight 

No tests of significance were made of effects on relative thyroid weight, 
Imt some conclusions appear justified. Relative thyroid weight was in- 
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creased greatly by thiouracil in all 4 trials and with all lines and crosses. 
However, the effect of thiouracil varied considerably among lines and 
among crosses. In trials I and II, the relative thyroid weight was increased 
least in line 2, more in lines 3 and 4, and most in line 5 and in the 2 groups 
of line 1. In trial III also, the effect was considerably less in line 2 than in 

1. In trial IV the effect was greater in the cross of lines 1 and 3 than in 
the reciprocal crosses of lines 1 and 2. 

13-day gain 

In the selection or development of strains or lines of various domestic 
animals, growth rate is of great economic importance. As expected, the 
induction of hypothyroidism with thiouracil had a highly significant 
depressing effect on rate of gain in all lines and crosses in all 4 trials. The 
lines (in trials I, II and III) differed highly significantly in gain. See Tables 

1 and 2. Line 5 gained most rapidly; line 1 was second in gain, and lines 

2 and 3 gained least. On the control diet, line 5 gained 70 % more than line 

2, and the average gain of the 2 groups of line 1 was 56 % greater than the 
gain of line 2. As anticipated, the crosses in trial IV differed little in gain. 

When gains in grams were analyzed, it was found that the depression 
from thiouracil was significantly different for the various lines, i.e., there 
was significant diet and line interaction. However, the evidence of inter¬ 
action was negligible for logs. Tliis means that the depression was a 
nearly constant percentage of the gain without thiouracil. In each trial 
the depression was close to 30 %. From trial to trial, also, the depression 
in gain due to thiouracil was 30 %, but the depression in grams was dif¬ 
ferent for trials in which the gain on the control diet differed. 

Relation of gain and thyroid weight 

Coefficients of the relation of gain and thyroid weight were not calcu¬ 
lated for chicks of the same inbred line because dot diagrams indicated no 
appreciable relation. However, correlation coefficients were computed using 
inbred line averages. One of the variables correlated was the average gain 
in grams on both diets; the other was the average thjuoid weight in milli¬ 
grams on the thiouracil diet. The correlation coefficient was 0.92. 

The comparative variation of line 1 (inbreeding coefficient 37.5%) and 
line 2 (inbreeding coefficient 78%) was studied in trial III. Onlj'- for these 
2 lines and only in trial III was it possible to calculate the variation of 
chicks with the same sire and dam. Table 4 shows standard deviations 
and coefficients of variation. In all 4 cases (i.e., 13-day gain and thyroid 
weight on each of the 2 diets) line lA varied more than line 2, although 
the difference in the standard deviations was statistically significant 
(with P <0.2%) only for thyroid weight r)n the thiouracil diet. 
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There were too few sires and dams to make worthwhile estimating the 
components of chick A^ariance due to sires and dams. 

Comparison of lines and their crosses 

It seems reasonable to compare lines 1 and 2 in trial III Avith their re¬ 
ciprocal crosses in trial IV, since these trials AA^ere largelj’- concurrent. (Ten 
of 13 days AA'^ere common to the 2 trials.) On each diet, the gain of the re¬ 
ciprocal crosses AA^as betAA'een the gains of the 2 parental lines, but AA-as 
closer to the gain of the faster-gaining line, 1. This suggests some h 3 dn’id 
Aogor. The respectiA’^e average gains in grams for line 1, the reciprocal 
crosses, and line 2 AA^ere: 79, 74, and 62 on the control diet, and 59, 55, and 
39 AA'ith thiouracil. 

Thyroid Aveights of the reciprocal crosses AA^ere more nearly midAA*aj" 
between the weights for the parents. The average thyroid AA'eights in milli¬ 
grams for line 1, the crosses, and line 2 AA'ere: 14, 11, and 9 on the control 
diet, and 34, 25, and 19 AAuth thiouracil. 

RelatiA’-e thyroid AA^eights of the crosses AA-ere similar to those of the parent 
with the lower relatwe AA'eight. The A’^alues in percentage in the same order 
as previously gh'^en AA'ere; 0.0124, 0.0104, and 0.0102 AAuth the control 
diet, and 0.0359, 0.0276, and 0.0272 with thiouracil. 

These studies provide additional CAudence of endocrine differences 
betAA'een lines or strains of the same species. Thej’^ are similar in general 
nature to the conclusions of Boettiger (1941), Koger et al. (1942), Hurst 
and Turner (1948) and Stolr and AndrcAA’s (1952) that strains of mice 
differ in th 3 Toid ph 3 '^siolog 3 ^ They likeAAdse support the conclusions of 
Mixner and Upp (1947), Glazener el al. (1949), El-Ilriaiy and Shaffner 
(1950) and Boone et al. (1950) that strains or lines of chickens A'aiy AA'idel 3 " 
in tlyroid function. 

In any breeding program it is desirable to determine the characteristics 
of the progen 3 ’- at the earliest possible time and during the shortest prac¬ 
tical period of observation. If strain differences in tlyroid function are 
important, and there is CA^eiy reason to belicA'e tha3" are, it seems olrvious 
that they can be detected in the 3mung chick (14 da3's of age) and Avithout 
elaborate procedures. Highl3’’ significant differences in tlno-oid AA-eight and 
in 13-da3" gain AA-ere readib" detected. An extremely high correlation of rale 
of gain and th3Toid Aveight on the thiouracil diet Avas found (r = 0.92). 

Since one of the basic principles of selection and breeding is the reduction 
in varialAility, it Avas of interest to measure the effects of inl)reoding upon 
such specific factors as th3Toid size and response to thiouracil. In general 
there AA-as less A-ariation in a line AA-ith an inbreeding coefficient of 7S% as 
compared AA-ith one of 371%. 
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From the genetic standpoint, the comparisons of lines and their crosses 
is of special interest. Gross thyroid weight of the reciprocal crosses was 
about midway between the weights of the parents. When thyroid weights 
was expressed as a percentage of body weight, the relative thyroid weights 
of the crosses were similar to those of the parent with the lower relative 
gland weight. 


SUMMARY 

Five lines of chickens, varying in inbreeding coefficients from 0 to 78%, 
were fed thiouracil at a level of 0.2% of the diet from the second to the 
14th days post-hatching. There Avere considerable differences betAveen 
lines in gross and relative thyroid Aveight. Growth rate, expressed as 13-day 
gain, varied highly significantly between lines. Thiouracil had a highly 
significant depressing effect on rate of gain. Thiouracil depressed the 
groAvth rate about 30%. Thus the rate was depressed more in grams in a 
fast-groAving line than in one Avhich greAV sloAAdy. Using inbred line averages, 
the correlation coefficient of 0.92 Avas obtained Avhen 1 variable Avas the 
average gain in grams on both diets and the other variable Avas the average 
thyroid Aveight in milligrams on the thiouracil diet. 

Thyroid Aveight and 13-day gain of chicks Avith the same sire and dam 
varied more in line 1 (37.5% inbred) than in line 2 (78% inbred). 

Line 1 and 2 and their reciprocal crosses Avere compared. The gains of 
the reciprocal crosses Avere betAveen the gains of the tAA^o parental lines 
but closer to the gains of the faster-gaining line, 1. Gross thyi'oid Aveights 
of the crosses Avere nearly midway l^etAveen the gland AA'eights of the 
parents. RelatiA^e thyroid AA^eights of the crosses AA^ere similar to those of 
the parent Avith the loAver relatiA’^e thyroid Aveiglit. 

These studies provide additional eAudence of endocrine differences 
betAveen lines or strains of the same species. 

REFERENCES 

Boettiger, E. G.: Endocrinology 28: 785. 1941. 

Boone, M. A., J. A. Daaodson and E. P. Rbineke: Poultry Science 29: 195. 1950. 
El-Ibiary, H. M. and C. S. Shaffner: Journal of Heredity 41: 246. 1950. 

Glazener, E. W., C. S. Shaffner and M. A. Jull; Poultry Science 28: 836. 1949. 
Hurst, Y. and C. W. Turner, University of Missouri Agr. Exp. Sta. Research Bidletm 
417. 1948. 

Koger, jM., V. Hur.st and C. W. Turner: Endocrinology 31: 237. 1942. 

Mixner, J. P. and C. ay. Upp; Poultry Science 26: 389. 1947. 

ScHULTZE, A. B. AND C. W. Turneh; University of Missouri Agr. Exp. Sia. Research 
Bulletin 392. 1945. 

Stob, M. and F. N. Andreavs: Endocrinology 51: 165. 1952. 



NOTES AND COMMENTS 


SURVIVAL OF MATING BEHAVIOR IN MALE RATS 
AFTER THYROID-PARATHYROIDECTOMY' 

Young, Rayner, Peterson and Brown (1952) have recently reported that thyroidec¬ 
tomy does not alter the copulatory behavior of male guinea pigs. Their study included 
objective and quantitative measures of coital activit}- before and after operation. No 
comparable evidence is available with respect to the male rat and such casual observa¬ 
tions as have been reported are contradictory, some writers stating that loss of the 
thyroid eliminates or greatly reduces sexual responses (Rickej^, 1925) and others asserting 
that the behavior is unchanged (Hammett, 1922). The present investigation was con¬ 
ducted to measure pre- and postoperative behavior in standardized fashion. 

SUBJECTS AND METHODS 

Thirteen adult male albino rats 90 to 150 days old at the start of the experiment were 
given a series of preoperative mating tests with receptive females. The method of testing for 
sexual vigor has been described in earlier publications and has been proven to be highly 
reliable (Beach, 1944). The most important responses recorded are incomplete copulations, 
intromissions, .and ejaculations. Each animal was tested until he had copulated (but not 
necessarily ejaculated) in a minimum of 3 tests. The thyroid and parathyroid glands were 
removed, 0.5% calcium gluconate was added to the stock diet, and 8 postoperative mating 
tests were conducted in the course of the next 30 days. For 30 days after the final test 0.2% 
thiouracil was added to the diet in the expectation that if the operation had been incomplete 
any residual glandular tissue would hypertrophy and be more easily discovered in the post¬ 
mortem examination. When the neck region was examined under low magnification small 
tabs of tissue which might have been thyroid were discovered in only 3 rats, and in each case 
these fragments were sectioned and stained and proved to be nonglandular. 

RESULTS AND CONCLUSIONS 

Comparison of mating performance in pre- and postoperative tests revealed no sig¬ 
nificant differences. Three males which had not ejaculated before operation did so after¬ 
wards and one case failed to ejaculate postoperatively although this response had oc¬ 
curred previously. The average frequency of intromissions was 7.0 per test before 
7.4 after operation, a difference which was not statistically significant. The frequency ce 
incomplete copulations did not change significantly. 

These findings are in harmony with the thesis that secretions of the thyro:'_ iniL 
parathyroid glands are not essential to normal mating behavior in the male r£-„ 
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Frank A. Beach 

Department of Psychology 

Yale University 

New Haven, Connecticut 

REFERENCES 

Beach, F. A.; J. Exp. Zool. 97: 249. 1_944. 

H.ammett, F. S.: .7. Mctab. Res. 2: 417. 1922. 

Rickey, E.: Comp. Psychol. Monog. 2:1. 1925. 

Young, W. C., B. Rayner, R. Peterson and M. Brown. EndocH^r - yy -y ytry 

Received for publication March 17. 1953. 

' This investigation was suiiporjcd by a grant from the Co~~~,^ ~ 

Problems of Sex, National Research Council. 

719 



AUTHOR INDEX, VOLUME 52 


Albert, A., see Bahn,, Robert C., 135 
Albert A., see Bahn, Robert C., 605 
Alexander, Charles E., see Heiden- 
REicH III, William F., 719 
Andrews, F. N., S. R. Miles and 0, S. 
Daahs. Response of Inbred Lines of 
Chickens to Thiouracil, 712 
Antonchak, Nancy, see Gaunt, Robert, 
407 

Astarabadi, Talib, Hiram E. Essex and 
John Grindlay. The Effect of Hy- 
pophj'sectoniy on the Regeneration of 
the Lii’-er After Partial Hepateetomj' 
in Dogs, 652 

Aterman, K, and S. M. Greenberg. Ex¬ 
perimental Exophthalmos in Rats 
Produced by Cortisone, 510 

Bahn, Robert C., Mona Lorenz, War¬ 
ren A. Bennett and A. Albert. 
Gonadotropins of the Pituitarj’^ Gland 
and the Urine of the Adult Human 
Female, 135 

Bahn, Robert C., Nona Lorenz, War¬ 
ren A. Bennett and A. Albert. 
Gonadotropins of the Pituitary Gland 
During Infancj"^ and Early Child¬ 
hood, 605 

Barker, S. B., see Klitgaard, H. M., 79 
Barker, S. B., see Libner, H. J., 367 
Bartlett, Paul D. Rates of Protein Sjm- 
thesis. Amino Acid Catabolism and 
Size of Nitrogen Pool During Nitro¬ 
gen Storage Induced with Testos¬ 
terone Propionate, and Testosterone 
Propionate Combined with Growth 
Hormone, 272 

Barron, E. S. Guzman, see Kit, Saul, 1 
Bates, Robert W. Comparison of Po¬ 
tency of Different ACTH Prepara¬ 
tions by Intravenous and Subcutane¬ 
ous Routes of Injection, 266 
Bayliss, IMargaret J., see Saffran, 
Murray, 140 

Beach, Frank A., see Heidenreich III, 
IVlLLIAM F., 719 


Bears, J-., J. R. Beaton, F. Smith and 
E. W. McHenry. Conjoint Effects of 
Pyriodoxine Deficiency and Anterior 
Pituitary Growth Hormone Admin¬ 
istration in the Rat, 396 
Beary, Dexter F., see Ingle, Dwight J., 
403 

Beaton, J. R., see Beare, J., 396 
Bennett, AYarren A., see Bahn, Rob¬ 
ert C., 135 

Bennett, Warren A., see Bahn, Rob¬ 
ert C., 605 

Best, Charles H., see Sirek, Otakar V., 
390 

Birnie, James H. The Inactivation of 
Posterior Pituitary Antidiuretic Hor¬ 
mone by Liver Extracts, 33 
Bogdanove, E. M., see Halmi, N. S., 19 
Bogdanovb, E. M., see Halmi, N. S., 233 
Brady, Roscoe 0. A Rapid Method for 
the Qualitative and Quantitative Es¬ 
timation of the Phj'siological Activity 
of the Adrenal Cortex, 49 
Braverman, Lewis E., see Smith, 
Thomas C., 311 

Briggs, F. N., Alvin Taurog and I. L. 
Chaikoff. The Enterohepatic Circu¬ 
lation of Thyroxine in the Rat, 559 
Burstein, Shlomo, Kenneth Savard 
AND Ralph I. Dorfman. The In Vivo 
Metabolism of Cortisone, 448 

Calhoon, Dorothy, see Sartorius, 
Otto W., 256 

Cavazos, L. F., see Melampy, R. M., 173 
Chaikoff, I. L., see Briggs, F. N., 559 
Chamovitz, David L., see Gray, Eliza¬ 
beth J., 228 

Cohen, Herman, William Kleinberg 
AND Milton Eisler. Adsorption of 
Ox 3 ''tocin upon Oxidized Cellulose, 357 
Cohen, Saul, see Goldfine, M. M., 597 
Corcoran, A. C., see Del Greco, Fran¬ 
cesco, 474 

D’Angelo, Saving A. Cyto-Physiologic 


720 



June, 1953 


AUTHOR INDEX 


721 


Aspects' of Thyrotrophic Hormone 
Secretion in the Goitrous Guinea Pig, 
331 

Davies, jMichael A., see Shelesxtak, 
:\I. C., 362 

Davis, iM. Edivaed, E. J. Plotz axd 
Erika Plotz. A Quantitative Study 
of the Vascularity of the Adrenal 
Gland of the Rat During Pregnancy 
and After Cortisone Treatment, 164 
D.wis, James 0. akd David S. Howell. 
Comparative Effect of ACTH, Cor¬ 
tisone and DCA on Renal Function, 
Electrolyte Excretion and IVater Ex¬ 
change in Normal Dogs, 245 
D.wis, 0. S., see Axdrews, F. N., 712 
De.^xe, H. W. Book review, Pearse, Histo- 
chemistiy, 609 

Del Greco, Francesco, G. jM., C. IMas- 
soN AND A. C. Corcoran. Effects of 
Corticosteroids on Urinary Formalde- 
hydogenic Corticoids and 17-Ke- 
tosteroids in Normal and Subtotally 
Hepatectomized Rats, 474 
Deming, Quentin B., see Greenspan, 
Fr.^ncis S., 63S 

Dinerstein, Jenny, see Dorfm.an, 
Ralph I., 204 

Dobyns, Brown M. and Sanford L. 
Steelman. The Thyroid Stimulating 
Hormone of the Anterior Pituitary as 
Distinct from the Exophthalmos Pro¬ 
ducing Substance, 705 
Dorf.man, Ralph I., Roger W. Marsters 
AND Jenny Dinerstein. Bioassay of 
Relaxin, 204 

Dorf.man, R.alph L, see Bcrstei.n, 
Shlomo, 44S 

Dougherty, Tho.m.^s F., see Fr.ank, 
Jules A., 656 

Eades, Charles H., Jr. and J. Stanton 
King, Jr. Detectable Amounts of 
ACTH in Blood Following Salicylate 
Administration, 594 
Einheber, a., see Munan, L. P., 4S4 
Eisler, Milton, see Cohen, Hkrm.\x. 
357 

Ellis, Stanley, JIiriaM E. Si.mp.so.v a.vd 
Herbert M. Evans. The Effect of 
Growth Hormone on Tibia Glycogen 
Content of the Hypophysectomized 
Rat. 554 


Engel, Leivis L.. see Ry.an. Ken.neth J., 
277 

Engel, Lewis L., see Ryan, ICenneth J.. 
2S7 

Essex, Hiram E., see Astarabadi, T.\- 
lib ^I., 652 

Evans, Herbert M., see Ellis, Stanley, 
554 

Evans, Herbert !M., see XeL'^on, Mar¬ 
jorie, 5S5 

Everett, John W. and Charles H. Saw¬ 
yer. Estimated Duration of the Spon¬ 
taneous Activation Vliich Causes Re¬ 
lease of Ovulating Hormone from the 
Rat Hypophysis. S3 

Farmel.ant, M. H., see Fishma.v. Wil¬ 
liam H., 536 

Ferguson, Donald J. and Maurice B. 
Visscher. The Effects of .\ndrogen 
and Estrogen in Castrated and Hy¬ 
pophysectomized CjH Mire. 463 
Finerty, John C., see Hess. Melvin. 
223 

Fisher, J. D., see Thompson, R. E., 496 
Fishman, William H.. a.vd M. H. Fab.me- 
L.ANT. Effects of Androgens and Estro¬ 
gens on ^-Glucuronidase in Inbred 
Mice, 536 

Fish.man, William H., see Riotton, 
Gustave, 692 

Forbes, Tho.mas R. Progesterone in the 
Systemic Blood of Women and Mon¬ 
keys During the Puerperium, 236 
Forsyth, Bruce T. A Sodium-Excreting 
Effect of Desoxycorticosterone in 
Adrenalectomized Mice. 65 
Frank. Jules A., Lindy F. Ku.magai and 
Tho.mas F. Dougherty. Studies on 
tlie Rates of Involution and Recon¬ 
stitution of Lymphatic Tissue, 656 
Fro.st. R. C., see Talmage, Roy V.. 313 

Gaunt, Robert, Con.sta.nce H. Tuthill, 
Xa.ncy .\ntonciiak a.vd j. H. Leath- 
EM. Antagonists to Corti.=ono: .-\n 
-•VCTH-Like Action of .steroids. 407 
Gifford, Houghton, see Greenspan, 
Francis S.. 63S 

Goldblatt, .M. IL. see Lichto.v, I. ,1.. 516 
Goldkini:, M. M. and .'^aul L. Cohen. 
Glucuronidase llydroly.sis for Prea- 
nanediol A.ssays. .597 

Goldzieher. Joseph W., William B. 



722 


AUTHOR INDEX 


Yohanc 52 


Rawls and Max A. Goldzieher. The 
Adrenal Cortex and Sulfur Metab¬ 
olism: The Influence of Amino Acid 
Sulfur on the Formation of Liver Glj^- 
cogen, 575 

Goldzieher, Joseph W., William B. 
Rawls and Max A. Goldzieher. 
The Adrenal Cortex and'Sulfur Me¬ 
tabolism; the Effect of ACTH on the 
Sulfh 3 xhyl Concentration of Rat Ad¬ 
renal, Liver and hluscle, 580 

Goldzieher, Max A., see Goldzieher, 
Joseph W., 575 

Goldzieher, Max A., see Goldzieher, 
Joseph W., 580 

Gray, Elizabeth J., Evelyn R. Volk- 
RiNGER, David L. Chamovitz, Wal¬ 
ter .F. Kocholaty and H. Jensen. 
Endocrine Influence on the Plasmin- 
Plasmin Inhibitor Sj'stem in the 
Blood of Rats, 228 

Greenberg, S. M., see Aterman, K., 510 

Greenspan, Francis S., Houghton Gif¬ 
ford AND Quentin B. Deming. A 
Comparison of the Effects of Corti- 
tisone Administered Intraperitoneallj' 
and Subcutaneousij’ in the Rat, 638 

Grindlay, John J,, see Astarabadi, Ta- 
LiB, 652 

Hall, C. E., and 0. Hall. The Potencj' of 
Certain Desoxj'corticosterone Esters 
with Respect to the Production of 
Hj'peitension and Cardiovascular Le¬ 
sions, 157 

Hall, 0., see Hall, C. E., 157 

Halmi, N. S., B. N. Spirtos, E, M, Bog- 
DANOVE AND H. J. LiPNER. A StluW 
of Various Influences on the Iodide 
Concentrating Mechanism of the Rat 
Thj-roid, 19 

H.\lmi, N. S., E. M. Bogd.\nove, B. N. 
Spirtos and H. J. Lipner. The Influ¬ 
ence of Cortisone on the Iodide Con¬ 
centrating Mechanism of the Rat 
Thyroid, 233 

Hawker, Ross W. Serum Antidiuretic 
Substance (ADS) in the Sheep and 
Cow, 115 

Hawker, Ross W. Serum Antidiuretic 
Substance (ADS) in the Human Fe¬ 
male, 117 

Hayes, Mark A. The Effect of Prolonged 
Local Treatment with Adrenocortical 


and Sex Steroids on the Intradermal 
Spreading Action of Hj-aluronidase, 
646 

Hays, R. L. and N. L. Vandemark, Effect 
of Stimulation of the Reproductive 
Organs of the Cow on the Release of 
an Oxytocin-Like Substance, 634 

Hechter, Oscar, Robert P. Jacobsen, 
Victor Shenker, Harold Levy, 
Roger W. Jeanloz, Charles W. 
Marshall and Gregory Pincus. 
Chemical Transformation of Steroids 
bjr Adrenal Perfusion: Perfusion 
Methods, 679 

Heidenreich III, William F., Charles E. 
Alexander and Frank A. Beach. 
Survival of Mating Behavior in Male 
Rats After. Thyroid-Parathyroidec- 
tomj% 719 

Hertz, Roy, see Tullner, Williasi AV., 
359 

Hess, Melvin, Edward G. Rennels and 
John C. Finerty. Response of Pre¬ 
putial and Adrenal Glands of Hj'- 
pophysectomized Rats to ACTH, 223 

Hill, Je.\n M., see Sellers, E. A., 188 

Hogness, John R., Norman D. Lee and 
Robert H. Williams. Effects of 
Amphenone "B" on Thyroid and Ad¬ 
renal Functions, 378 

Holdings, Helen L., see AVinter, 
Charles A., 123 

Howell, D.avid S,, see Davis, James 0., 
245 

Huston, T. M. and A. Y. Nalbandov. 
Neurohumoral Control of the Pitui- 
taiw in the Fowl, 149 

Ingle, Dwight J. and James E. Nezamis. 
Failure of Cortisone to Affect the 
Survival of Normal Rats Given Hista¬ 
mine bj' Continuous Intravenous In¬ 
jection, 361 

Ingle, Dwight J., Dexter F. Be.^ry and 
Andrejs Purmalis. The Effect of 
Aspirin Upon the Glycosuria of Par¬ 
tially Depancreatized Rats in the 
Presence and Absence of the Adrenal 
Glands, 403 

Jacobsen, Robert P., see Hechter, 
Oscar, 679 

Jeanloz, Roger AV., see Hechter, Oscar, 
679 



June, 1953 

Jensen, H., see Gray, Elizabeth J., 22S 

Kalman, Sumner iM. Effects of Andro¬ 
gens on Dehj'drogenase Systems, 73 
Kit, Saul and E. S. Guzman Barron. 
The Effect of Adrenal Cortical Hor¬ 
mones on the Incorporation of C'^ into 
the Protein of Lymphatic Cells, 1 
Kleinberg, William, see Cohen, Her- 
M.\N, 357 

Klitgaard, H. M., H. J. Lipner, S. B. 
Barker and T. Winnick. Path\va 3 -s 
of Elimination of C'^-Labeled Thj-- 
rozine in the Rat, 79 
Koch, F. C., see Piotrom'ski, L. J., 489 
Kocholaty, Walter F., see Gray, Eliza¬ 
beth J., 228 

Kraintz, F. W., see T.^lmage, Roy V., 318 
Kraintz, L., see Talmage, Roy V., 318 
Kramar, JeNo and Margaret Simay- 
Kram.Ir. The Effect of Adrenalec¬ 
tomy, Surgical Trauma, and Ether 
Anesthesia Upon the Capillaiy Re¬ 
sistance of the Albino Rat, 453 
Kramar-Simay, Margaret, see Kramar, 
Jeno, 453 

Kumagai, Lindy F., see Frank, Jules, 
656 

Lachance, Jean-Paul and Edouard 
Page. Hormonal Factors Influencing 
Fat Deposition in the Interscapular 
Brown Adipose Tissue of the White 
Rat, 57 

Leathem, j. H., see Gaunt, Robert, 407 
Lee, Norman D., see Hogness, John R., 
378 

Lee, R, B., see Sellers, E. A., 188 
Leveque, Theodore F. and Ernst 
S cH.\.RRER. Pituicj’tes and the Origin 
of the Antidiuretic Hormone, 436 
Levy, Harold, see Hechter, Oscar, 679 
Lichton, I. J., M. H. Goldbl.vtt and 
S. G. Stolpe. Extended Survival of 
Adrenalectomized Rats Possessing 
Ear- or Spleen-Grafted Ovaries, 546 
Lipner, H. J., see Halmi, N. S., 19 
Lipner, H. J., see Klitgaard, H. M., 79 
Lipner, H. J., see H.\lmi, N. S., 233 
Lipner, H. J. and S. B. Barker. The Re¬ 
sponse of the Snccinoxidase Sj'stcm 
of Rat Liver Homogenates to a Single 
Dose of Thj-roxine, 367 


723 

Lorenz, Nona, see Bahn, Robert C., 
135 

Lorenz, Nona, see Bahn, Robert C., 605 

Lyons, William R., see Nelson, IMar- 
JORIE i\L, 585 

M.arshall, Charles W., see Hechter, 
Oscar, 679 

Marsters, Roger W., see Dorf.m.vn, 
Ralph I., 204 

M.4SS0N, C., see Del Greco, Francesco, 
474 

Mayer, J. and Demetri.v N. Silides. A 
Quantitative IMethod of Determina¬ 
tion of the Diabetogenic Activit.v of 
Growth Hormone Preparations, 54 

Melampy, R. M. -vnd L. F. C.vvazos. 
Effects of Testosterone Propionate on 
Histochemical Reactions of Rat Sem¬ 
inal Vesicles, 173 

Meyer, Roland K., see McShan, W. H., 
215 

Miles, S. R., see Andreivs, F. N., 712 

Mirsky, Arthur and Gladys Perisutti. 
The Inactivation of Insulin bj' Liver 
Slices of the Rat, 698 

Munan, L. P. and a. Einheber. The Effect 
of Sex on Survival Following Stand¬ 
ardized Burn Shock, 484 

McEnery, William B. and Warren 0. 
Nelson. Organic Phosphorus Com¬ 
pounds in the Testis on the Rat at 
Various Ages, 93 

McEnery, William B. and Warren 0. 
Nelson. Organic Phosphorus Com¬ 
pounds in the Testis of the Rat under 
Experimental Conditions Which Im¬ 
pair Spermatogenesis, 104 

McHenry, E. W., see Beare, J., 396 

McShan, W. H., Rose Rozich and 
Roland K. IMeyer. Biochemical 
Properties of Fractions Obtained from 
Rat Anterior Pituitary Glands by 
Differential Centrifugation, 215 

Nalbandov, a. V., see Huston, T. .M., 
149 

Nelson, Marjorie M., William R. 
Lyons and Herbert M. Evans. 
Comparison of Ovarian and Piliiitar.v 
Hormone.s for Maintenance of Preg- 
nanc.v in Pvridoxino-Deficient R.-its. 
585 


AUTHOR INDEX 



724 


AUTHOR INDEX 


Vohune52 


Nelson, Wabren 0., see McEnert, 
William B., 93 

Nelson, Warren 0., see McEnery, 
William B., 104 

Nezamis, James E., see Ingle, Dwight J., 
361 

NissiJi, Joseph A. The Bioassay of Gluco- 
Corticoicl Activity by the Mouse 
Glycogen Method: Some New Facts, 
611 

Olson, Kenneth J., see Stafford, Rob¬ 
ert 0., 292 

Pag^;, Edouard, see Lachance, Jean- 
Paul, 57 

Parkerson, George R., Jr., see Sawyer, 
Charles H., 346 

Pearlman, W. H. and Millicent Thomas. 
The Progesterone Content of Human 
Placental Blood, 590 

Perisutti, Gladys, see Mirsky, Arthur, 
698 

Perrini, Marzio, see Valeri, Cl.audio 
Malaguzzi, 10 

PiNcus, Gregory, see Hechter, Oscar, 
679 

PiOTRowsKi, L. J., S. L. Steelman and 
F. C. Koch. Thyrotropin Assay Based 
on the Depletion of Iodine in Chick 
Th3n'oids, 489 

Pitts, Robert F., see Sartorius, Ot¬ 
to W., 256 

Pitts, Robert F., see Roberts, Kath¬ 
leen E., 324 

Plotz, E. j., see Davis, M. Edward, 164 

Plotz, Erika, see Davis, M. Edward, 164 

Porter, Curt C., see Silber, Robert H., 
518 

PuRMALis, Andrejs, See Ingle, Dwight 
J., 403 

Rapp, Betty, see Wyngaarden, James B., 
568 

Rawls, William B., see Goldzieher, 
Joseph W., 575 

Rawls, William B., see Goldzieher, 
Joseph W., 580 

Rennels, Edward G., see Hess, Melvin, 
223 

Riotton, Gustave and William H. 
Fishman. /3-Glucuromdase Studies in 
Inbred Mice: Androgenic Hormones 


and Kidney and Urinary |3-Glucuron- 
idase ActiviW, 692 

Roberts, Kathleen E. and Robert G. 
Pitts. The Effects of Cortisone and 
Desoxj’^corticosterone on the Renal 
Tubular Reabsorption of Phosphate 
and the Excretion of Titrable Acid 
and Potassium in Dogs, 324 

Roberts, Sidney and Abrah.am White. 
The Influence of the Adrenal Cortex 
on Aerobic Glycolysis by Normal and 
Malignant Rat Lymphoid Tissue, 372 

Rothchild, Irving. The Use of Collodion 
Ultrafiltrates of Human Urine for 
Steroid Determinations, 238 

Rozich, Rose, see McShan, W. H., 215 

Ryan, Kenneth J. and Lewis L. Engel. 
The Intereonversion of Estrone and 
Estradiol-17 |8 by Rat Liver Slices, 
277 

Ryan, Kenneth J. and Lewis L. Engel. 
The Intereonversion of Estrone and 
Estradiol bj" Human Tissue Slices, 
287 

Saffran, Murray and Margaret J. 
Bayliss. In Vitro Bioassaj’ of Corti- 
cotrophin, 140 

Sartorius, Otto W., Dorothy Calhoon 
and Robert Pitts. Studies on the 
Interrelationships of the Adrenal Cor¬ 
tex and Renal Ammonia Excretion 
b}' the Rat, 256 

Savard, Kenneth, see Burstein, Shlo- 
MO, 448 

Sawyer, Charles H., see Everett, 
John W., 83 

Sawyer, Charles H. and George R. 
Parkerson, Jr. Mechanisms of Par¬ 
tial Blockade of the Stress Response 
in Rats by Dibenamine Analogues, 
346 

ScHARRER, Ernst, see Leveque, Theo¬ 
dore, 436 

ScHENKER, Victor, see Hechter, Oscar, 
679 

Scow, R. 0., see Wollman, S. H., 338 

Sellers, E. A., Jean M. Hill and R. B. 
Lee. Effect of Iodide and Thyroid on 
the Production of Tumors of the 
Thju'oid and Pituitary by Propyl¬ 
thiouracil, 188 



June, 1953 


AUTHOR INDEX 


Shelesxyak, C. AND' A. AIichael 
Da'\'ies. Relative Ineffectiveness of 
Electrical Stimulation of the Cervix 
for Inducing Pseudopregnancies in the 
Alouse, 362 

SiLBER, Robert H. and Curt C. Porter. 
Nitrogen Balance, Liver Protein Re¬ 
pletion and Bod 3 ' Composition of Cor¬ 
tisone Treated Rats, olS 
SiLiDES, Demetria N., See j\I.4,yer, J., 54 
Simpson, jMiriam E., see St.\nley, Ellis, 
554 

Singer, Bertha, and Ele.i.nor H. Ven¬ 
ning. Alethod of Assaj’ of a Sodium 
Retaining Factor in Human Urine, 
623 

SiREK, Ot.vk.\h V. .and Ch.ahles H. Best. 
The Protein Anabolic Effect of Tes¬ 
tosterone Propionate and its Relation¬ 
ship to Insulin, 390 
Smith, F., see Beare, J., 396 
Smith, Thomas C. and Lem-is E. Br.avek- 
•MAN. The Action of Desoxj-corticos- 
terone Acetate on the iMammaiy 
Gland of the Immature Ovariec- 
tomized Rat, 311 

Speirs, R. S. Assaj' of ACTH Activitj' 
Based on the Eosinopenic Response 
in Normal and Hj'popln'sectoniized 
iMice, 300 

Spirtos, B. N., see Halmi, N. S., 19 
Spirtos, B. N., see Halmi, N. S., 233 
Stafford, Robert 0., Lou C. Thole and 
Kenneth J. Olson. Inhibition of De¬ 
velopment of DCA Hi’pertension b.v a 
New Sj'nthetic Steroid, 292 
Stanbuba', John B., see Wyngaarden, 
James B., 56S 

St.anley, Ellis, jMiriam E. Si.mpson and 
Herbert j\L Evans. The Effect of 
Growth Hormone on Tibia Gl.vcogen 
Content of the Hypophysectoinizcd 
Rat, 554 

Stebbins, Robert B., see V inter, 
Ch.arles .4., 123 

Steelman, S. L., see Piotrowski, L. J., 
4S9 

Steelman, S. L., see Dobyn-., Brown -'1., 
705 . 

Stolpe, S. G., sec Lichton, 1. J.. 

SzEGO, Cl.ara 41. The Influence of the 
Liver Upon Estrogen-Protein Binding 

In Vitro, 669 


T.almage, Roy V., F. W. Kr.aintz, R. C. 
Frost and L. Kr.aintz. Evidence for 
a Dual Action of Parathvroid Extract 
in Maintaining Serum Calcium and 
Phosphate Levels, 3lS 
T.AUROG, Alvin, see Briggs, F. N., 559 
Thole, Lou C., see St.afford, Robert 0., 
292 

Thom.as, jMillicent, see Pearlman, 
IV. H., 590 

Thompson, R. E. .and J. D. Fi.sher. Cor¬ 
relation of Preparative Histor.v and 
Method of Assaj- of Corticotrojiin 
with Clinical Potencj-, 496 
Tullner, William W. and Roy Hertz. 
High Progestational .4ctivitj- of 19- 
Norprogesterone, 359 
Tuthill, Const.ance H., see Gaunt, 
Robert, 407 

Valeri, Claudio Malaguzzi, AIichele 
Zacco and 4I.ARZIO Perrini. Studies 
on the Amino Acid Content of Prep¬ 
arations of Antidiuretic Substances 
Obtained from Pathological Urine and 
from Commercial Pituitrin, 10 
Vandejlark, N. L., see Hays, R. L., 634 
Venning, Eleanor H., see Singer, 
Bertha, 623 

VisscHER, Maurice B., see Ferguson, 
Donald J., 463 

VoLKRINGER, EvELY'N R., SCO GrAY', 
Elizabeth J., 22S 

White, Abraham, see Robert.s, Sidney, 
372 

Williams, Robert H., see Hog.ne.ss, 
John R., 37S 

WiN.NicK, T., see Klitgaard, II. 41., 79 
Wi.nter. Charles .4., Helen L. IIol- 
LiNGs AND Robert B. Stebbins. The 
Effect of .4ndrogenic Hormones upon 
the .Vdrenal .4trophj' Produced iiv 
Cortisone Injections and Upon the 
,4nti-innamniator.v .Vetion of Cor¬ 
tisone, 123 

WoLLMAN, S. H. AND R, O. Scow. Effect 
of Ilj'jiophv.scctomv on I’-i 4Ietab- 
oli.sm in Normal and Thiouracil 
Treated C;II .Mice. 33S 
WoLLM.lN. S. 11. A.VD EdGAR ZwII.LING. 
Iiadioiodine 4Ictaboli<ni in the Chick 
Embrj-o, 526 



726 


AUTHOR INDEX 


Wyngaarden, James B., John B. Stan- 
BURY AND Betty Rapp. The Effects of 
Iodide, Percholorate, Thyocyan<ate, 
and Nitrate Administration upon the 
Iodide Concentrating Mechanism of 
the Rat Thyroid, 568 
Zacco, Michele, see Valeri, Claudio 
Malaguzzi, 10 

Zarrow, I. G., see Zarrow, M. X^, 424 
Zarrow, M. X. AND I. G. Zarrow. 


Anemia in the Rabbit During Preg- 
nancj’^ and Following Treatment with 
Water Soluble Ovarian Extracts, 424 

Zeckwer, Isolde T. The Accelerating Ef¬ 
fect of Adrenalectomy on Regrowth 
of Hair in the Thyroidectomized Rat, 
39 

ZwiLLiNG, Edgar, see Wollman, Sey¬ 
mour H., 526 



SUB.JECT IXDEX. ’^'OLOfE 52 


Adrenal cortex 

arrop&y prcMiuce-l by cortisone. 123 
and renal acinioiiia excretion. 25*5 
response to ACTH. 223 
partial blockade of stress response by 
dibenairdne analogues. 346 
quantitative study of the vascularity 
during presnancv and after cortisone. 
164 " 

and sulfur nietabolism. 575. 5S0 
inSuence on aerobic glycolysis by normal 
and malignant lymphoid, tissue. 372 
as euectel by Amphenone "B." 37S 
and glycosuria as effeeted by aspirin. 403 
and capillary resistance. 453 
effect of sex on survival following burn 
shock. 4?4 

Ho-miones and incorporation of C“ into 
protein of h-mphatic cells. 1 
effect of removal on hair growth in thy- 
roidectomizetl rats. 39 
rapid estimation of physiological activ¬ 
ity of. 49 

and brown fat deposition. 57 
and a sodium-retaining factor in human 
urine. 623 

relation to diabetogenic action of ethyl- 
enediamine. 719 
.\drenal perfusion 

methods and chemical transformation of 
steroids. 679 
Aspirin 

effect on glycosuria in partially de- 
pancreatized rats in presence and ab¬ 
sence of adrenal glands. 403 
-\ndrogens 

and estrogens on d-glucuronidase activ¬ 
ity in mice. 536 

and cortisone induced adrenal atrophv. 
407 

and estrogen effect in castrated and 
hypophyscctomized C3H mice. 463 
effect on dehydrogenase systems. 73 
effect on 3-glucuronidase activity in kid¬ 
ney and urine, 692 


Anti-liuretic hormone 
in sheep and cow. 11.5 
in human female. 117 
and p:tuic\ues. 436 

amino acid content of preparation' fr"ra 
urine and of pittiitrin. 10 
inactivation by liver e.xtracts. 33 
Antithyroid compound 

I'-"- metabolism in thiouracil treate<.i 
hypophysectoruized mice. 33'^ 
response of inbred lines o: chickens to 
tluouracil. 712 

propylthiountcil and tumor formation 
in thyroid and pituitary. 166 
Assay 

of .\CTH by eosinopenic response in 
normal and htqiophvsectomizevi mice. 
300 

of a sodium-retaining factor in human 
urine. 623 

of thyrotropin based on iodine depletion 
in chick thyroids. 4S9 

d-glucuronidase 

and androgenic hormones. 692 
as effected by estrogens and androgens. 
536 
Bioassay 

of corticotrophin in rilro. 140 
of relaxin. 204 
Blood 

Plasmin-plasmin inhibitor, system in 
rats. 223 
Corticoids 

Effect on urinary formaldehydogenic cor¬ 
ticoids and 17-KS in rats. 474 
and intraderma! spreading action of 
hyaluronidase. 646 

Corticotropin 

preparative iiistory. inetiii'd of :i";iy 
and clinical potency. 496 
bioassay of. 140 

detection in idocni follow jug .'alicylato 
administriition. 594 




728 


SUBJECT INDEX 


Vohnne 52 


and renal function in clogs, 245 
comparison of different preparations by 
differing routes of administration, 266 
assay by eosinopenic response in mice, 
300 

and brown fat deposition, 57 
and gluco-corticoids by mouse glycogen 
method, new facts, 611 
and sodium excretion in adrenalec- 
tomized mice, 65 

Cortisone 

comparison of effect following intraperi- 
toneal and subcutaneous administra¬ 
tion, 638 

anti-inflammatory action of, 123 
effect on N-balance, liver repletion and 
body composition, 518 
and iodide concentrating mechanism, 
233 

and desoxycorticosterone on kidnej"^ 
tubule function, 324 
failure to affect survival with continuous 
intravenous histamine administration, 
361 

• and exophthalmos production in rats, 
510 • 

antagonists to, 407 
in vivo metabolism of, 448 
effect on urinaiy corticoids and 17-KS 
in rats, 474 

and brown fat deposition, 57 

Desox}’’corticosterone 
and hypertension, 157 
and cardiovascular lesions, 157 
and effect on renal function, electrolyte 
exczetion and water exchange, 245 
action on mammary gland, 311 
and cortisone on reabsorption of phos¬ 
phate and excretion of titratable acid 
and potassium, 324 

Estrogens 

interconversion of estrone and estradial 
bj" rat liver slices, 277 
interconversion of estrone and estradia'l 
by human liver slices, 287 
influence of liver upon estrogen-protein 
binding in vitro, 669 

and d-ghicuronidase activity in mice, 
536 

Exophthalmos 

and the thr-roid stimulating hormone, 
705 


Growth hormone 

effect on tibia glycogen content, 554 
conjoint effects with pyridoxine de¬ 
ficiency, 396 

a quantitative method of determining 
diabetogenic activity of, 54 

Gonadotropins 

of adult human female pituitary, 135 
in pituitary during infancy, and child¬ 
hood, 605 

Hypertension 

and desoxycorticosterone esters, 157 

- inhibition by new synthetic steroid, 292 

Insulin 

inactivation by liver slices of the rat, 698 

Iodide 

effect on iodide concentrating mech¬ 
anism in rat, 568 

and thyroid on tumor formation in thy¬ 
roid and pituitary after propylthi¬ 
ouracil, 188 

influences on concentrating mechanism 
in rat thyroid, 19 

Lj'mphatic tissue 

rates of involution and reconstitution, 
656 

Mammary glands 

action of DC A in immature ovariec- 
tomized rats, 311 

Norpi'ogesterone 
high progestational activity, 359 

Ovary . 

water soluble extracts and anemia in 
rabbits, 424 

grafts in ear or spleen in relation to 
survival of adrenalectomized rats, 546 

Oxytocin 

adsorption on oxidized cellulose, 357 
release of oxytocin-like substance after 
stimulating vulva and cervix in cow, 
634 

Parathyroids 

evidence for dual action on serum cal¬ 
cium and phosphorus, 318 

Pituicytes 

and origin of antidiurectic hormone, 436 




